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Detail Description Paragraph - DETX (80) : 

[0140] One method of localized molecule provision is in 
association with one 

of the electrodes of the device 100. FIG. 4 is a schematic 
illustration of a 

molecule provision apparatus, in accordance with an 
exemplary embodiment of the 

invention. A lead 18 0 has at its end an electrode 182, for 
applying a 

non-excitatory electric field to a heart segment 150 and a 
drug - e luting portion 

184. In one embodiment, lead 18 0 is a hollow tube which 
caries the molecule 

from a reservoir inside device 100 (not shown) . Such a 
reservoir is amenable 

to replenishment, for example as known in the art of 
replenishing implanted 

medication pumps. Alternatively, lead 180 itself may serve 
as a reservoir. In 

one example, lead 18 0 is a hollow tube which caries the 
molecule from a 

reservoir inside device 100 (not shown) . Such a reservoir 
is more amenable for 

replenishment, for example as known in the art of 
replenishing implanted 

medication pumps. Alternatively, lead 18 0 itself may serve 
as a reservoir. In 

one example, lead 18 0 is hollow and filled with a liquid 
medicament. In 

another example, the medicament is solid and is dissolved 
by body fluids only 

at the distal end thereof . In another example, a molecule 
is constrained in a 

gel matrix inserted inside lead 18 0. In some embodiments, 
an electric field is 

used to advance the molecules along the lead, for example 
as described in U.S. 

Pat. No. 5,865,787. In general, a reservoir may be useful 



03/12/2004, EAST Version: 1.4.1 



where local 

provision of a molecule is desirable. 
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(57) ABSTRACT 

Electrical treatment apparatus (100) for use with an associ- 
ated molecule source, comprising: at least one electrode 
(106); a power source (120) for electrifying said at least one 
electrode; and a controller, which is programmed to activate 
the power source (120) to selectively electrify said at least 
one electrode (106) to apply at least one electric field 
including a transport effect for transporting a molecule in a 
desired manner and a non-excitatory control effect for 
controlling the activity of at least a part of a non-cardiac 
excitable tissue, said programming selected to achieve a 
desired provision of said molecule into said at least a part of 
an excitable tissue or associated vasculature, said desired 
provision being at least assisted by an interaction between 
the transport effect and the control effect. 
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DRUG DELIVERY DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to electrically medi- 
ated transport of drugs into cardiac tissue and/or into cells of 
the tissues. 

BACKGROUND OF THE INVENTION 

[0002] Electroporation is a technique used for introducing 
molecules across a cell membrane and into at cell. In a typical 
application, an in-vitro cell culture is mned with a target 
molecule and a brief electrical field is appffsd to the mixture. 
The electrical field causes a transient porosity of the cell 
membranes, allowing the molecules to cater the cell. U.S. 
Pat. No. 5,501,662, toe disclosure of whim; is incorporated 
herein by reference, describes an electropcuation system for 
blood, in which an electric field is applied to> a vessel having 
blood cells mixed with a target gene (or other molecules) 
and the electric field causes the genes to Ik transported into 
the cells. Electroporation is especially useful for large mol- 
ecules, such as proteins, and for other molecules which do 
not have a biological mechanism for crossing the cell barrier. 

[0003] Iontophoresis is a method of transporting drugs 
into a body tissue, from outside the body tissue, usually from 
the skin. The drug is provided in a char^dl form and, when 
an electric field is applied, the electric field moves the 
charged drug along the gradient of the fefri 

[0004] PCT publication W098/15317, me disclosure of 
which is incorporated herein by re fe rouse, describes an 
implantable drug-eluting tip which uses a cardiac pacing 
signal to cause charged drug particles to leave a reservoir 
and be available locally. It is suggested an that publication 
that the electric field of the pacing sigpa£ is sufficient to 
iontophorese the drug into the heart tissue Injection of DNA 
into individual cells is suggested using a smilar device, for 
apply toxins to tumor cells, apparently not in the heart. 
However, it is not clear whether the ficfHs strengths and 
durations of a pacing signal are sufficient fzu electroporation 
or even iontophoresis for any considerahfe depth. 

[0005] U.S. Pat No. 5,865,787, the chsdbsure of which is 
incorporated herein by reference describes a catheter for 
electroporation or iontophoresis, in which me iontophoresis 
pulses are applied in conjunction with active pacing. 

[0006] U.S. Pat No. 5387,419, the disdbsure of which is 
incorporated herein by reference, describes a system for 
controlled release of antiarrhythmic agents 

SUMMARY OF THE INVENTION 

[0007] One aspect of some exemplary embodiments of the 
invention relates to using a non-excitatoiy pulse to control 
molecule availability al or near excitable Issue, such as the 
heart, the uterus or the GI tract, which nugjktibe activated in 
an undesirable manner by an applied dkctric field. The 
exerted control may include, for example,, one or more of 
causing a molecule to exit a reservoir, iontophoresis of the 
molecule into tissues, release of the molccnde from a circu- 
lating reservoir, such as electrically-opencdl liposomes and/ 
or electroporation of the molecule into Doth vidua! tissue 
cells. An optional second non-excitatoty pulse may be 
provided to interact with the first pulse (c&, to control the 
tissue) and/or the molecule. In some eofltodiments of the 



invention, the molecule availability pulse is excitatory and 
adverse effects of the pulse are prevented by the second 
pulse. 

[0008] As used herein the term "non-excitatory pulse** 
means an applied electric field which does not induce an 
additional propagating action potential in the heart (or other 
relevant excitable tissue), for example due to its frequency, 
polarity, waveform, duration, amplitude and/or its being 
applied at a time in the electrical activation cycle when the 
nearby tissue does not respond to the pulse. 

[0009] As used herein the term molecule means any type 
of molecule, including, especially, genetic material, such as 
DNA and RNA, genetic vectors, such as viruses and plas- 
mids, polypeptides, hormones and small molecule drugs. In 
addition, the molecules may include ATP, cAMP and/or 
particles having the molecule adsorbed thereto or located 
inside a volume of a hollow particle, such as a liposome, 
which can be transported into the tissue or trapped in a 
matrix, such as a hydrogel matrix reservoir on the electrode. 
Exemplary pharmaceuticals include: ^-Blockers, anti-can- 
cer drugs, specific antibodies, SERCA, VEGF and Nitro 
components such as Nitroglycerine. In particular, some 
molecules may have a systemic toxic effect and/or may 
damage some organs of the body. In another example, the 
provided molecule is an antagonist for a different molecule, 
also present in the body, for example antagonists e.g. Prota- 
mine which antagonizes Heparin. 

[0010] In an exemplary embodiment of the invention, 
knowledge of what types of pulses will not cause an ectopic 
excitation and or other arrhythmia, (herein referred to as an 
arrhythmia) in any particular excitable tissue organ and/or 
methods for controlling such arrhythmia should they occur 
are used to apply pulses having larger voltages, currents 
and/or durations than previously thought possible, to the 
excitable tissue, for the purpose of transporting drugs. In 
addition, a variety of waveforms becomes available. Option- 
ally, apparatus designed for non-excitatory pulses is used 
(e.g., not a pacemaker), making possible various program- 
mable pulse forms and larger amounts of power. However, 
in some embodiments of the invention, a modified pace- 
maker/simulator may be used, for example a pacemaker with 
modified programming, to provide a non-excitatory pulse. 

[0011] Various types of electrodes may be used. In an 
exemplary embodiment of the invention the type of elec- 
trode used is a point electrode. Alternatively or additionally, 
a line electrode, a wide area electrode, a vascular electrode 
which is inserted into a vessel and/or a one- or two- 
dimensional matrix electrode may be used. 

[0012] In an exemplary embodiment of the invention, the 
molecules are provided by the electrode, for example using 
a drug-eluting electrode of one of various types as known in 
the art. Alternatively or additionally, the molecule is pro- 
vided in other ways. For example the molecule is injected 
systemically or locally or applied using an implanted pump 
(possibly with output ports at the region to be treated or in 
a vascular bed thereof or adjacent thereto where the elec- 
trical pulse can transport it). Possibly, a decomposing or 
other matrix having the molecule embedded therein is used 
to supply the molecule. Alternatively, the molecule is 
ingested, inhaled or applied topically. In some cases, a 
plurality of molecules and/or molecule provision methods 
are used simultaneously in a single patient, for example both 
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systemic and local provision of two different molecules. 
Optionally, such two or more molecules may interact, for 
example the local mohcule blocking the activity of the 
systemic one or enbancBg it, or vice versa, for example, the 
systemic molecule bkx&kig the effect of the local molecule 
outside of the targeted sea, where the concentration of the 
local molecule is lowec 

[0013] An aspect of some embodiments of the invention 
relates to an interaction) between non-excitatory signals 
applied and the molecule transport In some embodiments of 
the invention, the transect pulse and/or an optionally pro- 
vided second non-exdUdory pulse prevent and/or counteract 
adverse affects of the transport pulse and/or of the trans- 
ported molecule, for exmple by preventing the propagation 
of undesirable action potentials. In some embodiments of 
the invention, the transport pulse is applied at a location 
spatially displaced from the location of the second non- 
excitatory pulse. In some embodiments of the invention, the 
adverse effect that is contracted by the second non-excita- 
tory pulse is caused by m non-transport electrical signal, for 
example an electrical or optical signal used to stimulate cells 
in or near the excitable tissue to perform angiogenesis. 

[0014] In an exemplary embodiment of the invention the 
molecule and the non-excitatory signal cooperate to have a 
desired, synergistic effect on the excitable tissue, for 
example the molecule enhancing a contractility increasing 
effect of the signal or tbt signal enhancing a contractility 
increasing effect of the nolecule. Alternatively, the signal 
may be selected to have ai minimal (e.g., functional and/or 
sensory) effect on the excitable tissue. 

[0O15] Various types off molecules may be used in exem- 
plary embodiments of B&e invention. In some particular 
embodiments of the invention, non-ionized/charged mol- 
ecules are used for electrically mediated transport in the 
excitable tissue. Optionafly, the effect of electroporation is 
achieved by the electric field of the non-excitatory signal 
momentarily opening puces in the cardiac cell membranes. 
Alternatively or additionally, dipole charges are formed on 
the molecules, for transport, by using suitable electric field 
frequencies. In some embodiments, required field intensi- 
ties, waveforms or fiecpsncies are provided by virtue of 
using non-excitatory fiefcfc 

[0016] An aspect of scene exemplary embodiments of the 
invention relates to a mrifltod of treating a dysfunction in an 
excitable organ. In an esmplary embodiment of the inven- 
tion, a patient is temporarily connected to a device that 
electrically transports mnfecules into excitable tissue. Pos- 
sibly, the device also pciffo i i u s monitoring functions and/or 
provides other treatment* such as applying electrical fields 
that prevent arrhythmia or pacing the excitable tissue. 

[0017] An aspect of scene exemplary embodiments of the 
invention relates to treating coronary blood vessels or other 
blood vessels that are rear or inside the heart or other 
excitable tissue, using efacrrically mediated molecule trans- 
port. In an exemplary embodiment of the invention, the 
timing and/or other parameters of application of electric 
fields for transporting the molecules are selected to not have 
a pro- arrhythmic effect goo the excitable tissue. In an exem- 
plary embodiment of the invention the molecule transported 
is one which causes breakdown of clots or other occlusions, 
one which causes aogiogpiesis and/or one which prevents 
stenosis or re-stenosis of the vessel. Alternatively or addi- 



tionally to using a transport pulse, the therapy may be 
effected using a non-transport pulse, for example a vessel 
spasm relaxation pulse. It is noted that pacemaker lead 
placement usually avoids placing the lead over a coronary 
vessel, in order to provide better electrical contact with the 
excitable tissue. 

[0018] An aspect of some exemplary embodiments of the 
invention relates to using a non-excitatory pulse generating 
device to both transport a molecule and detect and/or 
measure an effect of the molecule, for example an effect on 
conduction velocity, contractility or action potential propa- 
gation. Alternatively or additionally to measuring the effect 
the device can be used to counteract or block pro-arrhythmic 
effects of the molecule and/or of the pulse used to transport 
the molecule. Alternatively or additionally, the device is 
used to control the type, timing and/or dosage of molecule 
to be applied. 

[0019] An aspect of some exemplary embodiments of the 
invention relates to providing one or more types of mol- 
ecules at a plurality of locations oo the excitatory tissue. In 
an exemplary embodiment of the invention, the amount of 
molecule transported and the type of molecule transported at 
each point is individually controllable. Alternatively or 
additionally, the application regimen of the molecule may be 
pre determined. Alternatively, the application regimen may 
be varied, for example in response to needs of the excitatory 
tissue or in response to the effect of a previous application. 
Optionally, a non-excitatory pulse is used to transport the 
molecule. 

[0020] An aspect of some exemplary embodiments of the 
invention relates to synchronizing the transport of a mol- 
ecule with activity of the excitable tissue, for example the 
cardiac cycle or cardiac output variations caused by activity, 
to achieve desirable effects, for example transport effects. 
Alternatively or additionally, for example for non-cardiac 
excitable tissue, the synchronization is with on-off (or high- 
low) activation cycles of the tissue. Three types of synchro- 
nization may be distinguished. First is synchronization with 
the activity of a single cell (or a region) from depolarization 
to depolarization. The synchronization may be with airy part 
of the electrical cycle, including, for example, an onset of 
depolarization or a plateau. Second is synchronization with 
the activity of the excitatory tissue within a cycle. Third is 
synchronization with longer term activities, such as increase 
in heart rate due to exercise, uterine contractions due to 
impeding labor or digestive activity of the GI tract. It is 
noted that the non-excitatory device can also control the 
above excitable tissue activities, alternatively or additionally 
to synchronizing with them. In one example, the molecule is 
transported at a time when it will have the greatest effect on 
the heart. In another example, the molecule is transported 
when travel through the uterine tissue is easiest, for example 
when the muscles of the uterus are relaxed. Possibly, the 
non-excitatory pulse is used to extend the refractory time of 
all or part of the tissue to allow the molecule to travel further 
in one cycle. 

[0021] An aspect of some embodiments of the invention 
i relates to releasing a molecule from a circulating reservoir, 

using a field applied by an electrode associated with a 

particular blood vessel. Optionally, the particular blood 
i vessel feeds a particular organ or part of an organ to be 

treated. In an exemplary embodiment of the invention, the 



i 



US 2002/0183682 Al 



3 



Dec. 5, 2002 



electrode is mounted an a stent-Hke device, on the inside of 
the blood vessel. Alternatively, the device is mounted out- 
side the blood vessel, for example being a wire implanted 
electrode. In an exempfary embodiment of the invention, the 
circulating reservoir comprises a liposome of a type that 
releases its contents when a sufficiently strong electric field 
is applied to it. Optionally, the stent also includes a reservoir 
of a same or different molecule. Alternatively or addition- 
ally, the electrode (or a different electrode) also applies a 
transport field, for example to release a drug from the 
reservoir or to transport a molecule from the blood flow to 
the surrounding tissue. 

[0022] There is thus provided in accordance with an 
exemplary embodiment of the invention, electrical treatment 
apparatus for use with an associated molecule source, com- 
prising: 

[0023] at least oee electrode; 

[0024] a power source for electrifying said at least 
one electrode; and 

[0025] a controller, which is programmed to activate 
the power source to selectively electrify said at least 
one electrode to apply at least one electric field 
including a transport effect for transporting a mol- 
ecule in a desired manner and a non-excitatory 
control effect fbc controlling the activity of at least a 
part of a non-cardiac excitable tissue, said program- 
ming selected to achieve a desired provision of said 
molecule into said at least a part of an excitable 
tissue or associated vasculature, said desired provi- 
sion being at least assisted by an interaction between 
the transport effect and the control effect. Optionally, 
said controller is hardware programmable. Alterna- 
tively, said controller is software programmable. 

[0O26] In an exemplary embodiment of the invention, said 
apparatus comprises a wireless programming input. Alter- 
natively or additionally, said programming comprises pro- 
gramming adapted for said patient. Alternatively or addi- 
tionally, said programming comprises a setting of at least 
one operational parameter of said apparatus. Alternatively or 
additionally, said programming comprises a selection or at 
least one operational protocol from a set of available pro- 
tocols in said apparatus. Alternatively or additionally, said 
controller is operable in a testing mode, in which mode a test 
treatment of a molecule is provided to the patient and the 
response of the patient to the test is monitored by said 
controller. Alternatively or additionally, said apparatus com- 
prises a synchronization connection to a molecule source 
containing said at least one type of molecule. Optionally, 
said synchronization connection comprises an informative 
connection that provides at least one informative signal to 
said controller, informing of a state of molecule release. 
Alternatively or additionally, said synchronization connec- 
tion comprises a control connection that provides at least 
one control signal from said controller, to control a state of 
molecule release. Optionally, said molecule source is an 
electric-field mediated molecule source and wherein said 
control signal generates an electric field that releases said 
molecule from said source. Optionally, said synchronization 
connection is comprised in said at least one electrode used 
for applying a transport effect Optionally, said molecule 
source is integral with said electrode. Alternatively, said 
molecule source comprises blood dispersed molecules. 



[0027] In an exemplary embodiment of the invention, said 
molecule source is integral with said at least one electrode 
used for applying a transport effect. 

[0028] In an exemplary embodiment of the invention, said 
molecule source is integral with said apparatus. 

[0029] In an exemplary embodiment of the invention, said 
molecule source is external to said apparatus. 

[0030] In an exemplary embodiment of the invention, said 
molecule source comprises a catheter, coupled to said appa- 
ratus outside said patient 

[0031] In an exemplary embodiment of the invention, said 
molecule source comprises a source of a plurality of mol- 
ecule types. Optionally, said controller controls said mol- 
ecule source to selectively release at least a particular one of 
said plurality of molecule types. 

[0032] In an exemplary embodiment of the invention, said 
apparatus comprises at least one sensor that senses a func- 
tional tissue parameter and provides said sensed parameter 
to said controller. Optionally, said sensor measures a func- 
tional tissue parameter relating to the entire excitable tissue. 
Alternatively or additionally, said sensor measures a func- 
tional tissue parameter relating to a portion of the excitable 
tissue. Alternatively or additionally, said controller analyses 
said sensed parameter to detect an effect of said molecule on 
said excitable tissue. Alternatively or additionally, said con- 
troller analyses said sensed parameter to detect an activity of 
the excitable tissue and wherein said controller synchronizes 
said provision to said sensed activity. Alternatively or addi- 
tionally, said controller analyses said sensed parameter to 
detect an effect of said transport field on said excitable 
tissue. Alternatively or additionally, said controller modifies 
said at least one electric field to modify said transport effect 
responsive to said sensed parameter. Alternatively or addi- 
tionally, said controller modifies said at least one electric 
field to modify said control effect responsive to said sensed 
parameter. Alternatively or additionally, said apparatus com- 
prises a watchdog that detects an abnormal effect of said 
applied fields. Alternatively or additionally, said apparatus 
comprises a watchdog that detects an abnormal effect of said 
molecule. 

[0033] In an exemplary embodiment of the invention, said 
apparatus comprises a user input for receiving an indication 
of an effect of said apparatus from said patient. Alternatively 
or additionally, a single electric field applies both of said 
transport effect and said control effect Alternatively, said at 
least one electric field comprises at least one transport field 
and at least one control field 

[0034] In an exemplary embodiment of the invention, said 
transport effect and said control effect are provided simul- 
taneously. Alternatively, said transport effect and said con- 
trol effect are applied sequentially. Alternatively or addi- 
tionally, said control effect is selectively applied in 
association with only some of said transport effects. 

[0035] In an exemplary embodiment of the invention, said 
apparatus comprises at least one pacing electrode that is 
controlled by said controller to apply a pacing pulse. Option- 
ally, said at least one pacing electrode is comprised in said 
at least one electrode. 

[0036] In an exemplary embodiment of the invention, said 
transport effect is provided by an excitatory field. 
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[0037] In an exemplary embodiment of the invention, said 
transport effect is provided by a non-excitatory field. Alter- 
natively or additionally, an output port for generating an 
output to said patient. Alternatively or additionally, said 
control effect is selected to prevent an adverse effect of said 
transport pulse. Alternatively or additionally, said control 
effect is selected to prevent an adverse effect of said mol- 
ecule. Alternatively or additionally, said molecule is selected 
to counteract an adverse effect of said control effect Alter- 
natively or additionally, sad control effect is selected to 
counteract an adverse effect of said molecule. Alternatively 
or additionally, said control effect is selected to prepare said 
tissue for said transport. Alternatively or additionally, said 
control effect is selected to extend a period of time suitable 
for provision of said molecule. Alternatively or additionally, 
said control effect and said molecule are selected to coop- 
erate and effect a desired treatment of said tissue. Alterna- 
tively or additionally, said at least one electrode comprises 
at least one transport electrode for applying a transport effect 
of said at least one field and at least one control electrode for 
applying said control effect of said at least one field. 

[0038] In an exemplary embodiment of the invention, said 
transport effect and said control effect of said at least one 
electric field are applied using at least one common elec- 
trode of said at least one electrode. Alternatively, said at least 
one control electrode is spatially displaced from said at least 
one transport electrode. 

[0039] In an exemplary embodiment of the invention, said 
at least one electrode composes a point electrode. Alterna- 
tively or additionally, said aft least one electrode comprises 
a spiral electrode. Alternatively or additionally, said at least 
one electrode comprises a linear electrode. Alternatively or 
additionally, said at least one electrode comprises a mesh 
electrode. 

[0040] In an exemplary embodiment of the invention, said 
at least one electrode composes a plate electrode. 

[0041] Optionally, said electrode comprises a plurality of 
independently electrifiable contacts. Optionally, said con- 
trollers selectively electrifies said independent contacts to 
achieve a desired, Don-uniform, volumetric dispersion of 
said molecule, relative to said electrode. 

[0042] In an exemplary embodiment of the invention, said 
at least one electrode is connected by wire to said controller. 

[0043] In an exemplary embodiment of the invention, said 
at least one electrode is a wireless electrode. Alternatively or 
additionally, at least one electrode is implantable. 

[0044] In an exemplary embodiment of the invention, said 
at least one electrode is mounted on a catheter. 

[0045] In an exemplary embodiment of the invention, said 
at least one electrode is an external electrode. 

[0046] In an exemplary embodiment of the invention, said 
apparatus is implantable. 

[0047] In an exemplary embodiment of the invention, said 
apparatus is comprises in a cylindrical body adapted for 
implantation inside a blood vessel. 

[0048] In an exemplary embodiment of the invention, said 
apparatus is wholly external to the patient Alternatively or 



additionally, said transport effect comprises iontophoresis. 
Alternatively or additionally, said transport effect comprises 
electroporation. 

[0049] Optionally, said non-cardiac excitable tissue com- 
prises uterine tissue. Alternatively, said non-cardiac excit- 
able tissue comprises bladder tissue. Alternatively, said 
non-cardiac excitable tissue comprises digestive tissue. 
Alternatively, said transport effect comprises releasing a 
molecule from a circulating reservoir. Optionally, said cir- 
culating reservoir comprises liposomes in a blood stream. 

[0050] In an exemplary embodiment of the invention, said 
controller coordinates the interaction of a systemic molecule 
and locally available molecule, to have a synergistic effect. 
Optionally, said local molecule blocks an effect of said 
systemic molecule. Alternatively or additionally, said local 
molecule enhances an effect of said systemic molecule. 
Alternatively or additionally, said systemic molecule blocks 
an effect of said local molecule away from said a locality 
where said local molecule is provided. Alternatively or 
additionally, said systemic molecule enhances an effect of 
said local molecule. 

[0051] There is also provided in accordance with an 
exemplary embodiment of the invention, electrical treatment 
apparatus for use with an associated molecule source, com- 
prising: 

[0052] at least one electrode; 

[0053] a sensor for sensing a functional state of a 
non-cardiac tissue; 

[0054] a power source for electrifying said at least 
one electrode; and 

[0055] a controller, which is programmed to activate 
the power source to selectively electrify said at least 
one electrode to apply al least one electric field 
including a transport effect for transporting a mol- 
ecule in a desired manner, synchronized to said 
sensed functional state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] FIG. 1 is a schematic illustration of an excitable 
tissue connected to a non-excitatory signal providing device, 
in accordance with an exemplary embodiment of the inven- 
tion; 

[0057] FIG. 2 is a schematic box diagram of internal 
sub-components of the device of FIG. 1, in accordance with 
an exemplary embodiment of the invention; 

[0058] FIGS. 3A-3E illustrate various practices of elec- 
trode configuration and placement, in accordance with 
exemplary embodiments of the invention; 

[0059] FIG. 4 is a schematic illustration of a molecule 
provision apparatus, in accordance with an exemplary 
embodiment of the invention; 

[0060] FIG. 5 is a schematic showing of a catheter-based 
molecule provision configuration, in accordance with an 
exemplary embodiment of the invention; and 

[0061] FIG. 6 illustrates a vascular treatment device, in 
accordance with an exemplary embodiment of the invention. 
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DETAILED DESCRIPflON OF EXEMPLARY 
EMBODIMENTS GENERAL DESCRIPTION OF 
EXEMPLARY DEVICE 

[0062] FIG. 1 is a schematic illustration of an excitable 
tissue (e.g., a heart) 102 connected to a non-excitatory signal 
providing device 100 and showing various optional features 
of such a connection, kt accordance with an exemplary 
embodiment of the invotibn. Although much of the follow- 
ing description focuses on the heart, the method sand 
devices can also be applied to non-cardiac excitable tissues, 
such as the uterus, the O tract (e.g. stomach, large and small 
intestines) or the bladder Where specific cardiac structures 
are described, such as coronary vessels and the SA node, 
corresponding structures in the excitable structures may 
replace them. Some strictures may have an inexact corre- 
spondence, for example* at pacemaker location in the uterus 
or other excitable tissue may move. Alternatively or addi- 
tionally, there may be no corresponding structure, for 
example, no AV node in tike bladder or multiple correspond- 
ing structures, such as tfet conduction points between sec- 
tions of the GI tract In same tissues, a stimulator, rather than 
a pacemaker, is used. 

[0063] In an exemplary embodiment of the invention, 
device 100 is operative to provide non-excitatory signals to 
the heart and/or otherwise control the heart, as a whole or in 
portions thereof. In an exemplary embodiment of the inven- 
tion, some or all of the aim-excitatory signals generated by 
device 100 are used to transport a molecule into the heart 
tissue or surrounding tissues, in which tissues application of 
an electrical field might adversely affect the heart One or 
more electrode leads 104 provide electricity from device 100 
to one or more electrodes 106. A pacer signal electrode 110 
may be used to pace the heart, possibly every beat, but 
optionally not at the szme beats as the application of 
non-excitatory signals. A sensor 108 may be used to provide 
feedback to device 100 on the effect of the signal and/or the 
transported molecule. 

[0064] The ability to ese a non-excitatory signal rather 
than a standard pacing signal (a signal whose task is-to 
generate a dependable initiation of a cardiac cycle) results in 
a much wider range of relevant molecules (e.g. heavy, large 
or less polarized molecules) and treatment possibilities. In 
particular embodiments of the invention, higher energies 
and/or longer transport pulses are used. The following table 
compares a typical pacemaker and a non-excitatory signal 
providing device in accordance with exemplary embodi- 
ments of the invention: 



Characteristic 



Pace matter 



Non-excitatory device 



Field basis Voltage 

Amplitude 0.5-5 \bbs+ 2 mA 

Duration 0.05-2 ids 

Effective impedance 500-1500 ohm 

Polarity Usually mono-phasic 

Waveform Usually decaying square 

pulse 

Electrode type mono- or hi- polar point 

electrodes 
Electrode Location 1 Jmiiwl 



Current or voltage 
0.01-40 V, 0.01-150 mA 
1-1000 ms 

240-700 ohm, depends 
on electrode features. 
Arbitrary 
Arbitrary 

Arbitrary 

Arbitrary 



[0065] As a result of the freedom in choosing the field 
basis, various types of transport effects can be achieved, for 
example voltage based effects, current density based effects 
and/or charge based effects. 

[0066] The available current and voltage amplitudes make 
it easier to transport large molecules, provide deep tissue 
iontophoresis or even electroporation. The available dura- 
tions complement the available amplitudes levels by allow- 
ing a much longer transport time. The use of large electrodes 
and mesh electrodes, for example as described below, allows 
the local treatment of many locations in the heart and/or the 
treatment or large areas of the heart, which is not possible 
using a standard pacing lead. Also, this can lower the 
impedance of the electrode. 

[0067] Various suitable structures and electrical fields are 
described in a series of PCT applications filed by Impulse 
Dynamics (previously NTC), now U.S. patent application 
Ser. Nos. 09/254,900, 09/254,902, 09/254,993 and 09/254, 
994, the disclosures of which are incorporated herein by 
reference. 

[0068] Exemplary Pulse Properties 

[0069] It is suggested in U.S. PaL No. 5,865,787, an 
exemplary range for iontophoresis is between 200 Hz and 10 
MHz, for example between 2 and 15 kHz. However, in some 
embodiments, DC waveforms are used. Wave from genera- 
tors are described in U.S. patent application Ser. Nos. 
08/110,109 and 07/957,209, both abandoned, the disclosures 
of which are incorporated herein by reference. With regard 
to electroporation, frequencies between 0.017 and 10 Hz are 
suggested. Voltages between 100 and 10,000 volts are sug- 
gested, with electrodes between 0.5 and 10 cm apart. Pulse 
durations are suggested between 1 microsecond and 1 sec- 
ond, more typically 100 msec. It is noted, however, that by 
providing a non-excitatory field to counteract adverse 
affects, a wider range of fields and field parameters is 
available, so the above should be taken as only exemplary 
field parameters. 

[0070] Additionally, exemplary pulses and/or apparatus 
which may be useful can be found in U.S. patent application 
Ser. No. 08/129,252, now abandoned, VS. Pat. Nos. 5,634, 
899, 5,286,254, 5,087,243, 5,458,568, 5,282,785 and U.S. 
Pat. No. 5,236,413, the disclosures of which are incorpo- 
rated herein by reference. 

[0071] In general, the applied transport pulses may have a 
net zero charge flow or they may have a non-zero net charge 
flow, which may need to be compensated by an after- 
transport charge zeroing current, that balances out the charge 
emitted by the electrode. 

[0072] In some embodiments of the invention, the non- 
excitatory field is combined with an excitatory, portion, for 
example for pacing. 

[0073] Exemplary Molecules 

[0074] As will be appreciated from the more detailed 
description below, a wide variety of molecules may be used 
for practicing various embodiments of the present invention 
For convenience, the following classification of types of 
relevant molecules is provided, but it is not to be construed 
as limiting the range of applicable materials. Many mol- 
ecules are known to be provided and/or transported using an 
electric filed, for example in the field of patch iontophoresis. 
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It should be noted that a single molecule can belong to 
seven! of the classifications described below. Also, the type 
of transport method used may affect the behavior of the 
molecule and, hence, its classification. 

[0075] (a) Duration of Effect. 

[0071] Some molecules have an extended effect, possibly 
even a permanent effect. In some cases, the duration is long 
enough that the heart adapts ("modeling"), whereby a 
desired effect of the molecule can be achieved. Other 
mofecales have a transient effect, possibly as short as a 
single or a small number of beats. Exemplary molecules 
include Esmolol with a duration of 10 minutes and Adenos- 
ine with a duration of tens of seconds. These molecules also 
have a rapid response. 

[0077| (b) Rapidity of Response. 

[0078] A differentiation should be made between effect on 
the heart as a whole and effect on individual cells. Some 
molecules have an immediate effect on the heart, for 
example within a single or a few cardiac cycles, for example 
Adenosine in seconds, and Esmolol in minutes. Others, for 
example genes for providing ionic channels and/or for 
changing conduction velocity, may have their main effect 
only after a considerable period of time. 

[007*] (c) Size of Molecules. 

[0089] Molecules come in all size ranges. One important 
effect of the molecule size is its ease of entry into a living 
cell Another is the ease of transport by electrophoresis. An 
exampfe of a small molecule is nitroglycerin. An example of 
a large molecule is a DNA anti-sense molecule. 

[0081] (d) Polarization. 

[0082] Hie degree of polarization of a molecule affects not 
only its solubility and ability to enter cells but also the type 
of electric field which can most efficiently transport it. Using 
stronger fields, various pulse envelopes, various frequencies 
and/or longer pulse durations supports the transport of 
mokcxDes that are otherwise difficult to transport. 

[0083] (e) Existence of Hydrophobic and Hydropbilic 
Moieties. 

[0084] Such moieties affect the behavior of a molecule 
during transport and during entry into a cell. 

[0085] (f) Ability to Self Transport into Cells. 

[0086] Some molecules, such as viruses and liposomes 
can more readily insert themselves into cells than raw DNA. 

[0087] (g) Type of Adverse Effect on Cell. 

[0088] Some molecules adversely affect some types of 
cardiac cells, for example killing or disabling them. Other 
molecules only affect some functions of the cell, for example 
their electrical activity, without affecting other functions, 
such as their basic metabolism or life expectancy. In a 
particular example, ion channels provided directly or genes 
for ion channels provided) can modulate electrical activity 
and/or cause metabolic changes. This can result in death for 
some cells and in a cure for other cells. Specifically, 
increased population of membrane potassium channels can 
shorten action potential, lower membrane potential and/or 
change the refractory periods of a cell. 



[0089] (h) Drug Combinations. 

[0090] Instead of transporting only a single molecule, 
multiple molecules may be transported, possibly through 
different means. If the effect of the two molecules together 
is different from that of the individual molecules, in type 
and/or amplitude, better targeting of portions of the heart can 
be achieved, for example by providing the two molecules so 
they only intersect in one area of the heart. 

[0091] (i) Drug vs. Non-Drags. 

[0092] Although many of the suitable molecules are drugs, 
other molecules may also find use, for example signaling 
molecules, such as hormones, cytokines and/or paracrinic 
signals/hormones, both natural and synthetic. Additionally 
or alternatively, various types of genetic-related molecules 
may be used. Alternatively or additionally, membrane pro- 
teins, such as voltage gated channels may be used. Alterna- 
tively or additionally, structural proteins, such as actio, may 
be used. Alternatively or additionally, housekeeping pro- 
teins, such as Ubiquitin, may be used. Alternatively or 
additionally, solutes, such as glucose, cAMP, AMP, ADP, 
ATP and metal salts may be used. 

[0093] (j) Protection of Molecules. 

[0094] Although drugs and other molecules may be trans- 
ported in a raw state, in some cases, the drugs may be 
protected against interaction with the, blood, extra-cellular 
liquids, cell membranes and/or other materials which inter- 
vene between the drug source and its target Such protection 
may take the form of encapsulation, for example in lipo- 
somes or incorporation, for example by caging into polyes- 
ter gels. 

[0095] k) Association for Transport 

[0096] In some cases, the molecules may be associated 
with other materials, to assist in transport or in the entry into 
cells and/or nucleus of cells. In one example, a drug may be 
adsorbed to a pellet, which pellet is more easily transported 
by the fields. In another example, the molecule is incorpo- 
rated in a virus. 

[0O97] (1) Genetic Material 

[0098] As will be described below, a particular desirable 
class of molecules is gene-related molecules, such as DNA, 
RNA, mRNA, etc., anti-sense molecules and proteins that 
affect transcription. 

[0099] (m) Microorganisms. 

[0100] In some cases, it may be desirable to insert com- 
plete or semi-complete microorganisms or cell components 
into living cells, for example mitochondria, viruses or plas- 
mids. 

[0101] As can be appreciated, the molecule may interact in 
a beneficial, neutral or adverse manner with one or more of 
the transport method, the provision method, the cardiac 
sensitivity (e.g., to electrical fields and certain molecules) 
and/or the instantaneous activity of the heart. These effects 
(if negative) may be overcome or enhanced, in some 
embodiments of the invention, by suitable varying of the 
transport method and of the molecule properties, for 
example as classified above. 
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[0102] Gene Therapy 

[0103] la an exemplary embodiment of the invention, 
electro poratioo techniques are used to provide gene therapy 
to the bean Id gene therapy, genetic material or a carrier 
thereof, such as plasmids, artificial chromosomes or viruses 
particles are provided into a cell. Examples of suitable 
genetic material include, anti-sense DNA, RNA and poly- 
peptides to block the expression of genes which have an 
undesirable effect. In another example, tagging material is 
inserted to the cell, to serve as a trigger for more complex 
activity. In one example, regeneration of particular cells is 
achieved by tagging cells using a genetic marker. A second 
therapy is appfied system ically but is only taken up or only 
triggers the tagged cells. The provided genetic material may 
be used for various purposes, including, for example modi- 
fying the cell genotype, curing a genetic defect or a viral 
disease, causing a cell to differentiate in a desired manner or 
changing the function of a cell, such as changing the 
conduction velocity, action potential profile and/or leakage 
current characteristics of the cell. 

[0104] In a paper in Nature 1999, September 23; 401 
(6751) pp390-394, the disclosure of which is incorporated 
herein by reference, Mulligan R C, et al. describe a mecha- 
nism for targeting stem cells to where they are required in 
the body. It s believed such stem cells are targeted by a 
localized inflammation process, which process may be arti- 
ficially and locally induced using a suitable molecule in 
accordance with an exemplary embodiment of the invention. 

[0105] A particular aspect of some types of genetic 
therapy (and also of some drugs) is that the cell's behavior 
is modified. As a result, the cell may affect other, neighbor- 
ing, cells, for example by creating copies of the genetic 
material (e.g., virus) or by extruding hormones and other 
cellular-commmication chemicals. 

[0106] In another example, tissues near clogged arteries 
are genetically modified, for example with a plasmid, to 
generate an ami-coagulant, a clot dissofver or a vascular 
dilator. These materials are optionally provided locally in a 
therapeutic concentration, so that they are diluted in the 
general blood stream. Alternatively or additionally, these 
materials only reach active concentrations and/or required 
activity times if the blood volume flow is reduced relative to 
normal blood vessels. 

[0107] In another example, the heart as a whole is affected 
by the treatment of a small set of cells. For example, cells 
can be treated to include more calcium or sodium channels, 
thereby causing the treated cells to form a pacing loci. 
Depending on the type of treatment (e.g., plasmids, viruses 
or channel proteins), the effect may vary in duration, thereby 
allowing different pacing locations to be chosen. 

[0108] Device Components 

[0109] Apparatus suitable for performing (or being modi- 
fied to perform) the function of device 100 of generating 
non-excitatory signals are described, for example in PCT 
application PCT/IL97/00012, and PCT publications WO 
99/03533 and WO00/53257, the disclosure of which is 
incorporated herein by reference. 

[0110] FIG. 2 is a box diagram of exemplary sub-com- 
ponents of an exemplary device 100, in accordance with an 
exemplary embodiment of the invention. Although many 



possible sub-components are shown, some embodiments do 
not require all of the sub components, for example, some 
embodiments do not include watchdogs or programming 
input. For clarity, connecting lines between the sub-compo- 
nents are not shown. 

[0111] The non-excitatory signals are generated by a sig- 
nal generator 132 and outputted to the electrodes via an 
output coupler 140. The power for driving the output signals 
maybe provided directly from a power sources 120, or, more 
typically, using a capacitor bank 126 to accumulate power. 
In a device that includes a pacing feature, some or all of 
these elements may be optionally shared between the pace- 
maker and the non-excitatory signal pathways. 

[0112] A CPU 122 is optionally provided to control device 
100. A clock source 128 may be used to maintain an internal 
clock. 

[0113] In an exemplary embodiment of the invention, 
CPU 122 uses a state-machine model of the heart to assess 
if the heart is operating as expected and/or to determine the 
possible timing of non-excitatory pulses, especially for drug 
transport. Alternatively or additionally, other state-machine 
models may be used. Alternatively, a non-state machine 
model is used. Various types of models are described in 
"Design of Cardiac Pacemakers,", ed. John G. Webster, 
1995, by the Institute of Electrical and Electronics Engi- 
neers, Inc., New York, N.Y., the disclosure of which is 
incorporated herein by reference. 

[0114] In an exemplary embodiment of the invention, 
CPU 122 utilizes sensor data from a sensor input 130, in 
determine application parameters. Although only a single 
sensor is shown, in some devices, more than one sensor is 
used. Optionally, device 100 includes a memory 134 for 
storing programming instructions, applied sequences and/or 
statistics and/or full data of the response of the heart at 
various times. 

[0115] In an exemplary embodiment of the invention, a 
programming input 136, preferably wireless, but optionally 
wired, is provided to allow programming the device, for 
example using RF, ultrasound or magnets. Alternatively or 
additionally, a feedback output 138 is provided for present- 
ing information from device 100 to an external programmer 
or user. A particular use of the programming features is to 
assist in setting and modifying treatment regimes and/or 
adjusting existing regimes to take into account observations 
by a treating physician. Another use is allowing a patient to 
be treated at home and report by remote means, such as a 
telephone, the actual treatment and/or its effect. The setting 
of treatment parameters may also be by remote means. 
Another possible use of output 138 (and programming input 
136) is for receiving feedback from the patient. 

[0116] In an exemplary embodiment of the invention, the 
user of the device can activate device 100, using a handheld 
remote controller, which may optionally also beam energy, 
for example using RF radiation. Alternatively or addition- 
ally, the remote control may include activation logic for the 
device. A single remote controller can activate multiple 
devices, for example one or more of, a non-excitatory signal 
controller, a pacemaker, a drug targeting electric field(e.g., 
device 100) and a drug reservoir, to achieve a desired 
treatment effect. In an exemplary embodiment of the inven- 
tion, the user activates device 100 in response to pain, for 
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example, to release blood vessel dilating molecules in 
response to angina pectoris or to inhibit premature uterine 
contractions. 

[0117] In an exemplary embodiment of the invention, 
device 100 includes one or more watchdogs 124. Two types 
of watchdogs may be utilized in an exemplary embodiment 
of the invention. A first type of watchdog watches over the 
device itself, to assure that it is working within the opera- 
tional parameters defined for it For example, two processors 
run concurrently, and if one b not responding, the other one 
generates an alert. A second type of watchdog watches over 
the heart, to assure that the heart does not, as a result of the 
treatment, exceed operational and/or functional parameters 
defined for the heart's activity. In one example, the watch- 
dog checks to see if the heart is acting differently after the 
transport pulse. Alternatively or additionally, the watchdog 
searches for particular taltktale signals of damage more 
likely to be caused by the treatment, for example, a certain 
type of arrhythmia in an pro-arrhythmic drug treatment or 
VT caused by the transport prise. The damage and/or danger 
may be immediate, for example the detection of an injury 
current or of VT. Alternatively or additionally, the damage or 
danger detected may be longer term, for example, if the 
treatment causes a forced relaxation of part of the heart, 
which relaxation may cause hypertrophy or an aneurysm. A 
separate feedback loop may be provided to detect if the 
treatment is having a desired effect, for example a desired 
remodeling of cardiac tissue. Optionally, the watchdog is 
implemented as a separate processor and/or sensor. Alter- 
natively, the watchdog comprises separate software. 

[0118] The output of the watchdogs may include, for 
example, output to the patient, to a remote service center 
and/or may include a changing in the device parameters, for 
example to stop or modify the treatment or to provide 
symptom countering treatment, such as blocking of unde- 
sirable action potentials of transport of a different molecule. 

[0119] In an exemplary embodiment of the invention, 
device 100 is implantable. Thus, device 100 is optionally 
encased in a small capsule, Id be implanted in the chest or 
the stomach of the patient Device 100 may be integrated 
with a pacemaker or it may be a separate entity. 

[0120] Alternatively, device 100 is external. The elec- 
trodes are optionally internal, optionally reaching the heart 
either via a catheter inserted in the blood stream or via a bole 
in the skin, for example to effect a near-by vessel or part of 
the heart. The molecules may be provided using the same 
catheter or in a tube alongside the electrodes. Alternatively, 
other molecule provision methods, for example as described 
below, may be used. 

[0121] Alternatively, the electrodes may be external to the 
body, for example as used in some external pacemakers. 
Various electrode schemes may be used, including, two 
large, two small, one large and many small, an array, 
electrodes) in lungs and/or electrode(s) in esophagus. 
Optionally, the electrification of the electrodes matches the 
heart's position and/or global or local refractory state. 

[0122] In an exemplary embodiment of the invention, an 
external device is used for a short-term treatment, such as for 
gene therapy, for recovery from surgery or for recovery from 
a serious arrhythmia or acute ischemic event. Alternatively, 
an implanted device may be used for medium term treat- 



ment. Alternatively, a previously implanted device may be 
reprogrammed to apply a non-excitatory pulse as described 
herein. In some embodiments of the invention, only the 
electrodes are implanted and wireless. The rest of the device 
is external and is used to power and drive the electrodes, for 
example using RF radiation. 

[0123] Alternatively or additionally, the functionality 
described herein may be integrated with a different device, 
for example, a stent In one exemplary application, a stent 
applies non-excitatory pulses to transport an anti-re-occru- 
sion drug into the Mood vessel walls. The drug may be 
provided in many ways, including, for example, from the 
blood stream, from a reservoir of the stent or from a catheter. 

[0124] In an exemplary embodiment of the invention, the 
device is a dedicated device. Alternatively, however, some 
or all of the functionality may be achieved using a modified 
pacemaker, in which substantially only the programming 
and/or electrodes are modified. The suitability of existing 
pacemaker circuitry and/or power supplies may depend, for 
example, on the effect desired (e.g., electroporation or 
iontophoresis) and on the molecule size, polarity and/or 
other properties, such as protective enclosure. 

[0125] In one embodiment of the invention, device 100 
comprises a kit of two devices, one for providing the 
electrical fields and one for providing the molecule. Either 
or both of the devices may be implantable, external partially 
implanted or transvascular. A drug source controller 142 is 
optionally provided in device 100 to control the provision of 
molecules. Alternatively, a third device, such as an external 
or implanted controller (not shown), synchronizes the opera- 
tion of the two devices. 

[0126] Alternatively, one device is used for transporting 
the molecule and another device is used for pacing or 
non-excitatory control (molecule provision can be by either 
of the devices or using a separate device). In this embodi- 
ment, the other device can be used to counteract adverse 
effects of the transport and/or the applied molecules. In an 
exemplary embodiment of the invention, the two devices 
can communicate, for example using a wireless link, such as 
an ultrasonic link or a wired link, such as a fiber optic cable. 

[0127] Electrodes 

[0128] FIGS. 3A-3E illustrate various practices of elec- 
trode configuration and placement, in accordance with 
exemplary embodiments of the invention. The type of elec- 
trode can be an important factor in determining the strength 
and distribution of the electric field. By changing the type 
and shape of the electrode, different types of transport 
maybe effected. In addition, the depth of penetration and 
spatial distribution of the molecule into the cardiac tissue is 
affected, not only by the electrification of the electrode but 
also by the shape of the electrode. The placement of the 
electrodes determines which part of the heart is affected and, 
together with a suitable selection- of electrode type and 
shape, allows localized treatment of specific portions of the 
heart, such as the SA node. In addition, certain multi- 
electrode types, such as mesh electrodes or electrode arrays, 
provide a greater temporal and spatial control of the electric 
field 

[0129] Although the electrodes may be placed anywhere 
on the heart (e.g., inside the muscle, inside blood vessels or 
inside the heart), in some embodiments of the invention, the 
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electrodes are placed at ao arterial entrance, an area of 
infraction, at an ectopy site, near a block or an AV node, 
inside or at a border of a scar and/or at the nervous plexus. 

[0130] FIG. 3A illustrate the placement of a point elec- 
trode 160 on a cardiac segment 150. In a point electrode the 
strongest part of the electric field is in a close proximity to 
the electrode, indicated by a dotted line 162. If a bi-polar 
electrode is used, the localization of the field is even greater, 
being mainly between the two electrodes. Alternatively, a 
common return electrode may be used, for example a casing 
of device 100 or a second electrode attached to a substan- 
tially remote portion of the bear! Various tip shapes may be 
provided, for example, so&d or mesbwork balls, multi- 
fingered tips, spirals and/or a barb. 

[0131] FIG. 3B illustrate the placement of a line elec- 
trode 164 on cardiac segment 150. A simplest type of line 
electrode has contacts along, its length, as shown. Alterna- 
tively, a line electrode may comprise a plurality of spaced 
apart point electrodes which may be electrified in parallel or 
possibly in various orders, as a linear array. A region 166 
affected by electrode 166 is substantially larger than that of 
a point electrode. This can be used to apply a molecule to a 
larger portion of the heart or even to create a "fence" by 
applying a desensitizing drag along the electrode. In some 
embodiments of the invention, such a line electrode is 
curved. 

[0132] FIG. 3C illustrates the deployment of a pair of line 
electrodes 168 and 170. The affected area (in which there is 
a significant electric field) is marked by a dotted line as 172. 
The two electrodes may be electrified with a same polarity 
or with opposing polarities. Additionally, if one or both lines 
comprises a linear array of point electrodes, these point 
electrodes may be scanned m synchrony or not. The size and 
shape of affected area 172 is dependent on the type of 
electrification. For example, if the two electrodes are elec- 
trified with different voltages^ there will typically be very 
small field outside of the electrodes, which may, in some 
embodiments, prevent the molecules from being transported 
outside of the electrified area. 

[0133] FIG. 3D illustrates at mesh electrode 174 having a 
plurality of vertexes 176. ht one embodiment, the entire 
mesh is electrified as a singfe element. In another embodi- 
ment, only the vertexes (or other segregated section of the 
mesh) are electrified (e.g., an array). In another embodiment, 
at least some of the vertexes can be selectively electrified. 
One advantage of selectively electrifying mesh (or line) 
vertexes in an electrode array is that there is finer control 
over the shape, location and intensity of the field and this 
control can be exerted in real-time, without requiring move- 
ment of the electrodes. One use of such control is for 
modifying the transport field to effect a certain transport 
effect, for example as defined below, for adapting a pre- 
conceived electrification protocol to a particular heart and/or 
situation and/or to match the actual or expected propagation 
of the molecule in the heart. Alternatively or additionally, 
such control may be used to match the propagation of 
electrical waves in the heart or to match changes in the 
contractile state of cardiac muscle. In one embodiment, 
these states are estimated using a model. Alternatively, these 
states may be measured using suitable sensors. 

[0134] In a particular embodiment of the invention, the 
molecule is provided at a mesh electrode. Optionally, the 



mesh electrode is electrified in a manner which distributes 
the molecules in a desired manner, for example electrifying 
pairs of vertexes in the mesh such that each such pair defines 
a different transport vector, for example all the electrification 
pairs sharing a common electrode. Alternatively or addition- 
ally, the timing, amplitude and/or other electrification 
parameters are different for each electrode pair, taking into 
account, for example the different average activation times 
of the heart and/or the instantaneous different activation 
time. Such an instantaneous activation time may be detected, 
for example, using the mesh electrodes as sensors or by 
providing dedicated sensors. 

[0135] FIG. 3E illustrates the use of a plate electrode 178. 
Such a plate may have apertures (not shown) formed in it, 
so it is not completely solid. In an exemplary embodiment 
of the invention, electrode 178 may serve as a reservoir, for 
example including a suitable matrix encapsulating the mol- 
ecule, or having an inner volume, for example enclosed by 
an electrically permeable membrane. 

[0136] The electrode configurations of FIGS. 3A-3E may 
be applied outside of the heart muscle, inside the heart 
muscle or on the inside of the heart. Additionally, when 
using electrode pairs, one may be inside the heart tissue and 
one outside the heart tissue. Alternatively or additionally, at 
least one of the electrodes may be floating inside the heart. 
In some embodiments, the electrodes are coated with a layer 
of material to retard clotting. 

[0137] Molecule Source 

[0138] The molecules may be provided in various man- 
ners; for example as described below. Two main types of 
provision should be differentiated, localized provision and 
systemic provision. In localized provision methods, the 
concentration of the supplied molecule is significant only at 
or about the treatment area. One possible advantage of this 
type of provision is that effects on other body portions are 
reduced. Another possible advantage is that a smaller 
amount of molecule may be used. Another possible advan- 
tage is that a higher concentration of molecule can be 
realized at the treatment zone. 

[0139] In systemic provision methods, one possible 
advantage is that there is no need to provide a molecule at 
precise temporal and/or spatial coordinates. Rather, the 
electrical transport effect is used to locally increase the 
effectiveness of the molecule, by transporting it to the tissue 
to be affected, for example from the blood stream. 

[0140] One method of localized molecule provision is in 
association with one of the electrodes of the device 100. 
FIG. 4 is a schematic illustration of a molecule provision 
apparatus, in accordance with an exemplary embodiment of 
the invention. A lead 180 has at its end an electrode 182, for 
applying a non-excitatory electric field to a heart segment 
150 and a drug-eluling portion 184. In one embodiment, lead 
180 is a hollow tube which caries the molecule from a 
reservoir inside device 100 (not shown). Such a reservoir is 
amenable to replenishment, for example as known in the art 
of replenishing implanted medication pumps. Alternatively, 
lead 180 itself may serve as a reservoir. In one example, lead 
180 is a hollow tube which caries the molecule from a 
reservoir inside device 100 (not shown). Such a reservoir is 
more amenable for replenishment, for example as known in 
the art of replenishing implanted medication pumps. Alter- 
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natively, lead 180 itself may serve as a reservoir. In one 
example, lead 180 is hollow and filled with a liquid medi- 
cament. In another example, the medicament is solid and is 
dissolved by body Quids only at the distal end thereof. In 
another example, a molecule is constrained in a gel matrix 
inserted inside lead ISO. In some embodiments, an electric 
field is used to advance the molecules along the lead, for 
example as described in LJ.S. Pat No. 5,865,787. In general, 
a reservoir may be oseful where local provision of a mol- 
ecule is desirable. 

[0141] Alternatively or additionally, tip 184 may be 
porous, allowing the molecules to slowly diffuse out. 

[0142] In an exemplary embodiment of the invention, an 
electric field applied by electrode 182 is used to elute the 
molecule from tip 184. Tip 184 maybe, for example, 
between electrode 182 and the heart, on an opposite side of 
the heart from the efectrode or side by side with it. Addi- 
tionally, one or both of electrode 182 and tip 184 may be 
inserted into the cardiac tissue. A same field may be used for 
eluting and for transport or a different field may be used. 
Alternatively or additionally, one or more additional elec- 
trodes 184 may be used to assist in the eluting. PCT 
publication WO 98/15317 describes a limited range of 
possibilities for selectively eluting molecules from a drug- 
e luting tip. In exemplary embodiments of the instant inven- 
tion, the freedom of electrode shape, charge polarity, charge 
amplitude, charge duration, charge location and waveform 
allow a much wider range of methods to be practiced. As a 
result, it is possible to selectively elute one of several 
molecules which are stored in one or more reservoirs about 
tip 184. In one example, the polarity of the field determines 
the polarity of molecule ehited. In another example, the field 
amplitude determines what size molecule is transported 
and/or opens pores in a barrier material between the mol- 
ecule reservoir and the outside of the tip. In another 
example, molecules with dipole charges may be selected by 
applying a suitable ehition frequency. Alternatively, non- 
electrical transport methods are used to free the molecules, 
for example, operating pumps or openings in a reservoir. 

[0143] FIG. 5 is a schematic showing of a catheter-based 
molecule provision configuration, in accordance with an 
exemplary embodiment of the invention. A catheter 188 is 
used to provide the desired molecule from outside of the 
body, to its tip in a vicinity of electrode 192. Alternatively 
or additionally, the catheter may be drug eluting over a 
portion of its length. The molecules may be provided at a 
location from which they are advanced away from the 
electrode. Alternatively, the molecules may be attracted 
towards the electrode. Alternatively or additionally, the 
electrodes may be electrified to prevent the advance of the 
molecules in an undesired direction. 

[0144] Alternatively to providing the molecules locally to 
electrode 192, the molecules may be provided into a vas- 
cular bed of the area adjacent electrode 192, for example 
into a main coronary artery. In an exemplary embodiment of 
the invention, the application of the electrical field is timed 
to match the arrival of the molecule bolus. Alternatively or 
additionally, the provision of the molecule is over an 
extended period. 

[0145] In an exemplary embodiment of the invention, the 
application of the electrical field (and/or localized molecule 
provision) is timed to when blood flow is slow, to avoid 



dissipation of the molecule. Alternatively or additionally, tip 
190 may block the flow of blood, optionally temporarily, for 
example using an inflatable balloon collar. Alternatively, a 
double collar catheter having two spaced apart collars and a 
hollow lumen, may be used to block flow to only a portion 
of a vessel, while providing a molecule to the blocked off 
area and allowing the flow of blood to by-pass through the 
lumen of the catheter. Alternatively, tip 190 may be pressed 
against the tissue to be treated, optionally in the direction of 
the field, so that the molecule can only advance through the 
tissue and not into the blood flow. Alternatively or addition- 
ally, a local electric field may be applied to reduce or 
increase blood flow, for example by relaxing or contracting 
the blood vessel muscles. Such relaxation may also assist in 
the penetration of the molecule through or into the vessel 
walls. 

[0146] The timing of the application of the electric field 
may take into account a model of propagating of blood in a 
heart in general and/or in the particular treated heart. Such 
a model may be derived, for example, from radiological 
studies of the propagation of radio-opaque dyes in the 
coronary vessels. 

[0147] Alternatively or additionally, tip 190 injects the 
molecule directly into tissue. Such injection may be 
achieved by providing a sharp tip at tip 190 or by the catheter 
exiting the blood flow or being provided not through the 
vascular system, for example through tissue or along body 
rumens such as the lungs or the GI tract. 

[0148] Electrode 192 may be implanted by a catheter that 
may also be provided from outside the body. In one exem- 
plary embodiment of the invention, the catheter and elec- 
trode are combine in a single invasive device. This device 
may be inserted into the body and brought to a desired 
treatment location, for example the apex of the heart. Then, 
a molecule is ehited (optionally at the electrode) and an 
electric field applied to treat the region. A bipolar electrode 
may be used or the second electrode may be provided 
outside the body, or inside, for example using a second 
catheter, between winch catheters a transport electric field 
and/or a heart control electric field are applied. Optionally, 
the tip of the catheter inside the body includes a grasping 
device for attaching to a portion of a tissue adjacent the 
treatment area. Such a catheter optionally includes a sensor 
for sensing local activity of the heart or is controlled (e.g., 
field application and/or molecule provision) using an exter- 
nal sensor, such as a 12-lead EKG sensor, tossibly, the 
catheter ehites a molecule along a portion of its length, 
allowing, for example, a length of a coronary vessel to be 
treated. Different molecules or concentrations of molecules 
may be eluted at different points along the catheter. 

[0149] The combined catheter-electrode may be provided 
via the vascular system. Alternatively, an endoscopic or 
throactoscopic approach may be used. Such a device may be 
used for relatively chronic treatment, for example one treat- 
ment a week after a coronary event. Alternatively, the device 
may be used for acute treatment, for example to provide a 
drug to a portion of the heart during cardiac surgery. 

[0150] Another method of localized provision of a mol- 
ecule is by injecting it into the heart using a syringe (from 
outside the body). Optionally, the entry and retraction of the 
syringe are controlled using a spring-loaded device, so that 
contact with the heart is during a non-excitable portion of the 
cardiac cycle, to prevent arrhythmia. 
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[0151] Many systemic molecule application methods are 
known and may be used with various embodiments of the 
invention, including drip-feeding into a vein, catheterization 
into the right atrium, ingestion, inhalation and intra-vascular 
or uitra-muscular injection. 

[0152] In an exemplary embodiment of the invention, 
device 100 includes a data input port for indicating when a 
drug is injected or otherwise provided into the user, so that 
the application of flee non-excitatory signal can be timed to 
when the drug (or other molecule) is available at the 
electrodes. Such so input may be provided for example 
using a magnet or an RF field. 

[0153] Transport and Selectivity 

[0154] The non-excitatory pulse used for transporting the 
molecule may be a separate pulse from that used for a 
non-excitatory based treatment, it may be a combined trans- 
port-treatment puke or it may be a same pulse which has 
both a treatment effect and a transport effect Possibly, a 
molecule may be selected or adapted for treatment by it 
matching availabk pulse forms or pulses which have a 
known therapeutic effect. 

[0155] As descried above, the transport mechanism may 
be that of removing the molecule from a reservoir using an 
electric field Thereafter, the molecule can diffuse into the 
adjacent tissue (or wherever the blood caries it) or an active 
transport (e.g., an electric field) into adjacent tissue may be 
used. 

[0156] Two types of transport can be differentiated, trans- 
port into tissue and transport into cells. Transport into tissue 
can be, for example, iontophoresis. Alternatively, uncharged 
molecules, for example those with a dipole charge may be 
used. Alternatively or additionally, the application of the 
electric field may make the tissue more porous to the 
diffusion of the molecule. 

[0157] In one exemplary embodiment, of the invention 
two or more of the above transport mechanisms are used 
together. For exampfc, electroporation into the cardiac cells 
themselves may be used instead of or in addition to ionto- 
phoresis, for example, iontophoresis to advance a drug into 
the cardiac tissue and then electroporation to insert the drug 
into the cells. The two mechanisms may optionally be 
applied in separate cardiac cycles. 

[0158] Various types of selectivity may be achieved, 
besides selectivity of the transported molecule, described 
above. In one example, the iontophoresis of a molecule is 
affected by the tissue through which the molecule travels. In 
another example, the field strength used for electroporation 
is selected to affect only certain types of tissue, for example 
based on their taxonomy (muscle vs. nerve cells) or based on 
their health. 

[0159] It should be noted that the molecules may be 
transported during any part of the cardiac cycle, to take 
advantage of (or avoid) particular electrochemical and/or 
physiological conditions. Alternatively or additionally, a 
molecule may be selectively provided and/or transported so 
that it is available at the cells when their channels in the cell 
membrane open as part of the cardiac cycle. Such a molecule 
may be transported through the channel or it may be used to 
block the channel or to maintain it open for longer periods. 
Alternatively or additionally, a transport pulse may be 



provided to maintain the channels open for longer periods 
(or close them), for example to provide a desirable bio- 
chemical state in the cell with which the molecule can 
interact or to allow the molecule to enter through the open 
channel. The exact electrification parameters may need to be 
determined for a particular patient, tissue type and/or tissue 
health state. 

[0160] It should be appreciated that diffusion of drugs and 
other molecules in the heart may be enhanced by diffusion 
between cardiac muscle cell groups, in which groups, the 
cell-ends are fused together: Alternatively or additionally, 
the transport may be affected by the fiber direction and/or 
other macro-cellular structures. These effects can be used to 
selectively diffuse molecules along a direction. Also, these 
variation in tissue characteristics may affect a desired elec- 
tric field to be used for transport between and/or into cells. 
In an exemplary application, an electric field is used to 
transport a molecule into endocardial trabecula, while they 
are being filled. Then when they contract and force blood 
into the surrounding cardiac tissue, the transport is 
enhanced. Optionally, a second electric field is timed to the 
contraction. 

[0161] Alternatively or additionally, the transport of mol- 
ecules may take into account the variations in muscle tone 
over the cardiac cycle. Thus, an increased field' may be 
required while the muscle is tense. Alternatively, the trans- 
port is selectively applied while the muscle is relaxed, to 
increase the depth of penetration of the molecule. Alterna- 
tively, the transport is applied when the muscle is tense, to 
assure a shallower penetration, In an exemplary embodiment 
of the invention, a multi-beat transport scheme is used, in 
which a molecule is transported to an area to be treated by 
a transport process which is longer than one beat. In one 
example, a molecule may be transported 1 mm each heart 
beat, for a total of five beats, to achieve a penetration depth 
of 5 mm. 

[0162] Type of Control 

[0163] The control exerted on the heart using the mol- 
ecules and/or a non-excitatory electric field can be of various 
types. Three particular types of control which may be 
desirously achieved are global control, local control and 
global control using local interactions. 

[0164] In an example of global control, a gene may be 
provided to the entire heart, to correct a disease causing 
mutation in a particular patient. 

[0165] In an example of local control, a drug may be 
provided to an infracted area to promote healing or prevent 
further damage. 

[0166] In an example of global control mediated by local 
interactions, control of the SA node, of the AV node or of a 
particular conduction pathway may be used to affect the 
activation of the heart as a whole. 

[0167] It should be noted that the fastest action potential 
conduction in the heart is near the surface of the inside of the 
ventricles. Controlling the conduction velocity in this area 
provides an opportunity to affect the activation of large 
sections of the heart. This area is also somewhat more 
accessible to some electrically based transport techniques, 
since a drug can be applied directly to the inside of the heart. 
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[0168] As described above, with reference to molecule 
provision, the type of interaction of the molecule with the 
heart may depend am cellular or on cardiac processes, for 
example, a drug maybe provided to coincide with the high 
levels of availability of free calcium. Alternatively, a mol- 
ecule may be provided) so that it is available over a longer 
period of time, such s an entire beat or several heart beats. 
Exemplary periods of feme for a molecule to be available are 
0.1, 1, 10, 100 or 1000 seconds, e.g., in some cases sub- 
stantially permanently. The duration of the molecule effect, 
which may be divorced! for the duration of availability may 
be, for example, 1, IfD^ 100 or 100 seconds, e.g., in some 
cases substantially pamanent. Some types of long cardiac- 
related cycles includfc the circadian rhythm exercise-rest 
cycles and the application of molecules to the heart to 
permanently change fie shape and/or activation of the heart. 
In an exemplary application, electric fields are used to 
stimulate angiogenesis and a stimulating molecule, such as 
VEGF is also provided) to enhance the angiogenesis effect. 
The molecule (and traosport field) may be applied every beat 
or only every few beats. In some embodiments of the 
invention, a single taansport event continues over several 
beats or has the duratan of several beats, for example with 
the local tissue being desensitized so it does not contract. 

[0169] In an exemplary embodiment of the invention, 
selective molecule providing is used to control the heart 
locally and/or for teapo rally short periods, such as seconds 
or tens of seconds. IBis effect is achieved by selectively 
transporting fast actiig, drugs to target tissues, in short times 
and without substantially providing the drugs to nearby 
tissues. Alternatively our additionally, this affect is achieved 
by electrically (or nsng suitable eluted pharmaceuticals) 
de-sensitizing neighboring tissue from responding to the 
drugs. 

[0170] Interaction Between Device and Excitable Tissue, 
Other Than Transport! 

[0171] The interaction) between device 100 and the mol- 
ecule may extend beyond transport For example, one or 
more of the following effects can be achieved instead of or 
in addition to transpa&tt: 

[0172] (a) Device 190> applies fields that counteract or 
avoid negative effectsaffthe molecule. As a result, molecules 
with a higher toxicity may be used, used at a higher dosage 
and/or used in a less rigidly monitored situation. In one 
example, device 100 applies fencing or tissue desensitizing 
fields, as described m some of the above applications, to 
prevent propagation off undesirable activation potentials in 
the heart. In another example, device 100 applied fields 
which reduce conduction velocity in tissue whose conduc- 
tion velocity is undesirably increased by the provision of a 
drug. Alternatively, Ac molecule may serve to prevent or 
counteract an adverse effect of the non-excitatory control 
pulse. 

[0173] (b) The mofecule may be provided to avoid or 
counter act negative effects of the applied fields. The fields 
in question may be excitatory or non-excitatory. In one 
example, a molecule is provided to prevent or counteract 
edge effects at the friiges of applied non-excitatory fields. 

[0174] (c) Device lft& applies fields that synergistically 
interact with the molecule. In one example, each of the 
molecule and the field work to increase cardiac contractility, 



and the combination is synergetic. One such exemplary 
molecule is caffeine. Another example of synergistic inter- 
action is provided by Dobutamine (an example of an adr- 
energic agonist). 

[0175] (d) Device 100 applies fields which prepare a 
portion of the heart for an applied molecule. Such prepara- 
tion may include, for example, relaxation to allow better 
transport by an electric field, or without one. Another 
example is prevention or provision of blood flow to a portion 
of the heart, by manipulation the cardiac activation profile, 
Thus, a transport-related electric field may be applied before 
any molecule is provided. Another example of preparation is 
keeping a segment of the heart from contracting so that it has 
more available energy to respond to a drug. In another 
example, the electric fields may be applied to extend the 
duration of a cardiac cycle, to allow more time for transport 
of a molecule between beats or to allow more time for the 
molecule to take effect. In another example, a blood vessel 
wall is stimulated or relaxed to assist or otherwise modulate 
the transport through the vessel wall. Such control is espe- 
cially useful for preventing the transport of a molecule in an 
undesired vector. The transport related field may be applied 
near the location of the transport filed or at a remote location. 
For example, a field that dilates or contracts blood vessels 
may be applied to control the flow of blood through the area 
being treated or the molecule provision area. In some 
embodiments of the invention, vascular control is provided 
independent of transport pulses and/or molecule provision. 

[017(f) (e) Device 100 applies fields, which by themselves 
do not interact with the molecules, but, as part of a complete 
control scheme, both these fields and the molecule act 
together to effect a desired control of the heart. In one 
example, a drug may be used to reduce overall conduction 
velocity in a ventricle, while an electric field is applied to 
increase the velocity at a certain location in the ventricle. In 
another example, a locally provided molecule is used to 
stimulate angiogenesis, while an electric field is used to 
reduce the work performed by the treated tissue, to allow it 
to receive and/or have available energy for the angiogenesis. 

[0177] The size of the area and/or volume to which a 
non-excitatory electric field is applied may coincide with the 
molecule-affected area. Alternatively, it may be smaller, for 
example to apply a desired local effect or larger, for 
example, to counteract fringe effects. Alternatively, the 
electric field may be applied to a significant portion of the 
heart, for example to most of a ventricle, for example to 
enhance a stroke volume. Possibly, the molecule is used to 
interact with a defibrillation field. By selectively applying 
the electric fields and/or the molecules, spatial and/or tem- 
poral selectivity of the above effects may be achieved. 

[0178] In some embodiments of the invention, there may 
be no interaction between the molecule and the other electric 
fields applied by device 100. 

[0179] Calibration 

[0180] Device 100 may be programmed and/or have 
parameters selected to match a particular patient (described 
below). Alternatively or additionally, one or more of a set of 
programs may be selected to be applied by device 100. 

[0181] In an exemplary embodiment of the invention, 
prior to activating a treatment function of device 100, the 
patient state is evaluated, to determine a desirable treatment. 
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In some embodiments of the attention, this evaluation is 
performed using device 100, in a purely sensory mode, or, 
optionally, with device 100 applying test treatments and 
determining their effects. Alternatively or additionally, vari- 
ous external stimuli may be provided, for example pharma- 
ceuticals and their effects andjtar interactions with device 
100 monitored by device 100 aarffrr other apparatus. 

[0182] During evaluation, one or more of the following 
regional pathologies may be identified: Scar, Hibernation, 
Ischemic and/or HR dependent ischemia. The identification 
may use various imaging methods* for example ECHO for 
hypo/dis/a-kinesis of ventricular walls. Various method may 
be used to evaluate perfusion, for example Technetium 
based imaging. Position sensing based methods may be used 
to evaluate regional function, for exam pie systems provided 
by the Biosense Inc. corporation aid/or ECG systems. These 
methods could be used to desigp and focus the treatment to 
the regions of interest. 

[0183] Device Programming 

[0184] In an exemplary embodiment of the invention, 
device 100 is programmed or otherwise controlled to pro- 
vide a desired spatial and/or temporal regimen to the heart. 
Such a regimen can define which part of the heart is treated 
with which molecule and/or electrical field for what duration 
and under what circumstances. Such programming may be 
done in advance of implantation and/or therapy or it may be 
provided into device 100 just before or during therapy. In 
some embodiments of the invention, device 100 is used for 
experimental use, for example to determine which electric 
fields and/or molecules and/or combinations thereof have 
desirable therapeutic effects. Sucfo a determination may be 
applied during product design or even when planning a 
therapeutic plan for a patient, as described herein. 

[0185] Programming input 136 (FIG. 2) may be used for 
providing input from an external programmer. Device 100 
may be non-autonomous, in that all progr amming comes 
from outside. Alternatively, a semi-autonomous device may 
be provided, in which external programming is required 
only on occasion, possibly at the instigation of device 100. 

[0186] As can be appreciated, different transport fields 
and/or different molecules may be used for different heart 
rates, stroke volumes and/or as a function of other cardiac 
parameters. Depending on the deseed effect of the molecule, 
the cardiac parameters taken into account may be local 
parameters, such as conduction velocity or global param- 
eters, such as heart rate. The cardiac parameters may be 
rapidly changing parameters, such as heart rate or they may 
be slowly changing parameters such as tissue performance, 
Perfusion and/or viability, or rnarmriiim diastolic extension 
over a period of time. In some cases, the programming 
responds to non-cardiac parameters, such as time of day or 
day of the week, for example to match the therapy to an 
expected or current activity levcL 

[0187] Various device parameters may be programmable, 
including, for example, pulse parameters such as temporal, 
spatial, amplitude, polarity, envelope and/or frequency of 
the applied transport, transport related, excitatory (e.g., 
pacing) and/or non-excitatory fields* Alternatively or addi- 
tionally, various molecule provision parameters may be 
controllable, for example the molecule type, timing of 
provision, amount provided and duration. In some devices, 



a complete script (e.g. a short program) may be selected or 
programmed. Alternatively or additionally, script parameters 
may be selected. A particular example of a script parameter 
is which sensor to use for monitoring and its associated 
threshold levels or other value-response function. 

[0188] The programming may be enhanced by providing 
feedback about the operation and effects of device 100. The 
information may be sensed and/or stored by device 100 for 
later readout by the programmer. Alternatively, the informa- 
tion may be gleaned using other physical examination 
techniques, for example medical imaging. 

[0189] Exemplary types of feedback include one or more 
of: feedback on molecule provision and penetration, various 
actually realized fields, the effect of such fields for transport 
or on cardiac tissue and/or the effect of the provided mol- 
ecule, on the local tissue, the heart and/or the circulatory 
system as a whole. Alternatively or additionally, feedback on 
the quality and degree of synchronization between the heart, 
molecule provision and/or the various electrical fields, may 
be desirable. Exemplary sensors are described below. 

[0190] In an exemplary embodiment of the invention, 
feedback is provided with regard to the penetration of the 
molecules. By using local sensing electrodes, the arrival of 
the molecules at the desired tissue depth can be monitored 
by detecting the effect of the molecules. Alternatively or 
additionally, by transporting radioactive or other marker 
drugs, it is possible to image or otherwise view the tissue and 
determine which cells were affected. A marker drug may be 
the same as the one used for therapy or it may be a different 
one, specifically selected for ease of detection. Alternatively 
or additionally, the provision and/or effect of molecules may 
be detected by applying an electric field to the treated area 
and based on the response of the tissue estimate the molecule 
effect and/or arrival. 

[0191] In some cases, real-time feedback is desired, either 
to control device 100 in operation or to adjust programming 
parameters based on their effect. It should be noted that 
different types of feedback may be required for slow acting 
and for fast acting molecules. Some molecules may be 
double acting — having an effect that can be detected imme- 
diately, useful for verifying penetration and also having a 
long term effect. Fast acting molecules or drugs with a fast 
onset may require fast responding sensors. Slow acting 
drugs or drugs with a gradual onset may require sensors 
which average over several cardiac cycles and/or a processor 
associated with the sensor for processing the input there- 
from. 

[0192] One or more sensors (in some cases the field 
application electrodes can double as sensors) may be used to 
provide an indication of the heart's current status or its 
response to certain treatments. Exemplary sensors are 
described below. SENSORS 

[0193] Various sensors may be used in conjunction with 
and/or as part of device 100. Such sensors may measure 
various cardiac parameters, including, for example, pC0 2 , 
pO^pH, SO2, wall motion, local or global electrical activity, 
endocardial acceleration, regional impedance, regional 
APD, HR variability, LVP or aortic pressures (peak, max 
dP/dt), respiration rate, cardiac output and/or thoracic 
impedance (for estimating changes in stroke volume). Many 
such suitable sensors are known in the art. Alternatively or 
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additionally, the sensors may measure systemic parameters, 
such as blood pressure. Alternatively or additionally, the 
sensors may measure local molecule concentrations and/or 
metabolic products. 

[0194] The sensors may be implanted in the body. Alter- 
natively, eb some embodiments, the sensors maybe outside 
the body, even if device 100 is inside the body. 

[0195] to some embodiments of the invention, the patient 
himself saves as a sensor, for example indicating to device 
100 or its external programmer, body feelings, such as pain, 
shortness cf breath, dizziness and/or lack or abundance or 
energy. 

[0196] Safety 

[0197] b some exemplary embodiments of the invention, 
device 119 may include one or more of the following safety 
features: 

[0198] (a) Toxicology Watchdog. 

[0199] This type of watchdog monitors one or more car- 
diac parameters and/or the response of the heart to various 
stimuli, to determine if the supplied molecules have an 
adverse effect on the heart. As a result, protective measures, 
such as fencing, may be applied, or the dosage or other 
parameters of drug delivery may be modified. 

[0200] (b) Defibrillation Circuit. 

[0201] Upon detection of defibrillation and/or VT, this 
circuit can apply a defibrillation current to the heart. Such a 
defibrillator may have charged capacitors continuously 
available in a standby mode. When not required for fibril- 
lation, some of the charge may be used for applying large 
non-excitatory fields, for example for molecule transport. 

[0202] (c) Molecule Flow Monitor. 

[0203] This monitor checks that the supply rate of the 
molecule matches the programmed supply rate. Thus, block- 
ages and/or leaks may be detected. The monitor may directly 
monitor the flow and/or the molecule reservoir state. Alter- 
natively, the monitor may determine the supply rate indi- 
rectly by analyzing cardiac and/or other patient physiologi- 
cal parameters. 

[0204] (d> Fences. 

[0205] Non-excitatory electric fields may be used to create 
fences in me heart which prevent the propagation of unde- 
sirable (expected or not) activation potentials. Such field 
may act, for example, by desensitizing cardiac tissue using 
a DC field or by extending a refractory period of the cells by 
applying an electric pulse during an end of the refractory 
period. 

[0206] (e) Beat Capture. 

[0207] Various pacing schemes may be applied to increase 
the capture of the heart rate by the pacing signal and to avoid 
certain types of arrhythmia 

[0208] Exemplary Applications 

[0209] In one example, a heart is remodeled, by providing 
genetic material or other molecules which cause certain 
parts of the heart to atrophy or enlarge. In another example, 
the activation of the heart is modeled, for example by 
causing a cell type, such as an AV node cell, to increase its 



conduction velocity, for example by suitable over-expres- 
sion or under-expression of certain ion pumps or channels. 
Other cell parameters which may be changed using this 
method include sensitivity (to hormones electrical signals 
and/or other feedback loops in the heart), plateau duration, 
excitation window duration and self-pacing rate (SA node). 

[0210] In another example, at least certain types of long 
QT syndrome patients are treated by causing the expression 
of suitable ion channels or pumps to those cells that require 
it. This expression can be caused by providing the gene that 
creates the channels or creates a protein that transports the 
channels to the cell membrane, as well as by blocking a gene 
which stops the production of the channel. 

[0211] In a post ischemic-event treatment application, 
drugs for maintaining the dilation of blood vessels or drugs 
for reducing oxygen requirements may be applied. In addi- 
tion, molecules damaged or destroyed by the ischemic event 
may be provided by electrical transport techniques. 

[0212] In an angiogenesis application, hormones and/or 
other angiogenesis factors are electrically transported to 
ischemic tissue and/or other tissue in the heart to cause 
increased blood vessel generation. In a particular applica- 
tion, repeated transport pulses, possibly from different elec- 
trodes are used to maintain a particular volume distribution 
of the provided molecule(s). In one example, these mol- 
ecules define a gradient along which blood vessels or other 
tissue grow, or various cells, such as lymphocytes, travel. In 
another example, this distribution defines an area into which 
new growth will not enter. 

[0213] In a related application, VEGF and/or other growth 
factors are locally provided, to prevent their adverse effects 
on other parts of the heart and/or body. 

[0214] In another exemplary application, a locally pro- 
vided molecule is Adriamycin or other chemotherapy anti- 
cancer molecules. 

[0215] In a slow ablation application, a drug which sus- 
pend activity of a heart cell is applied to points of a mesh 
electrode. After detecting the effects of suspension on the 
electrical activity of the heart, an electrode having a desired 
effect is used to provide a killing dose of the same drug or 
of a different drug. Alternatively, selective ablation is pos- 
sible even without first determining the effect of a "suspend- 
ing" drug. 

[0216] FIG. 6 illustrates a vascular treatment device 800, 
in accordance with an exemplary embodiment of the inven- 
tion. In a coronary vessel application, iontophoresis and 
elect roporation become possible in blood vessels which are 
near the heart. Example treatments include anti-clotting 
drugs, drugs to prevent re-stenosis, drugs to prevent stenosis 
and gene therapy to convert the blood vessel cells to those 
having a desired function, such as excretion of a desired 
anti-clotting factor. Such an the electric field may be applied 
using a dedicated suitable stent or to augment the behavior 
of a stent which needs to be implanted. Exemplary device 
800 is stent-like, having a cylindrical body 802. A plurality 
of electrodes 804 and 806 are provided, which are electrified 
by a power supply 810. In one embodiment of the invention, 
the power supply is a battery. Alternatively or additionally, 
the power supply comprises an antenna 812 for receiving RF 
radiation and a converter for converting the received radia- 
tion in suitable voltages. Alternatively or additionally, power 
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supply 810 include control logic and/or one or more sensors, 
for example for sensing a cardiac activity, for example for 
synchronization purposes or a sensor for sensing the blood 
vessel state. Optionally, electrodes 804 and 806 can serve as 
antenna 812. Alternatively, a wired external power source is 
provided and connected to device 800. In some embodi- 
ments, device 800 is used with blood vessels not adjacent to 
the heart. In some embodnents of the invention, antenna 
812 also serves to apply a voltage across the vessel in which 
device 800 is situated. 

[0217] An exemplary configuration for transmitting power 
by RF radiation, to a stent-Bte device, which may store the 
energy in a capacitor, is sfiown in PCT publication WO 
99/55360 to Medtronic, et aL, the disclosure of which is 
incorporated herein by reference. The actual levels of power 
and/or voltage required in dbvice 800 may be higher, pos- 
sibly requiring a straightforward design modification and/or 
a voltage converter in device 800. RF radiation may also be 
used to send commands to device 800. 

[0218] In an exemplary embodiment of the invention, a 
molecule reservoir 808 is provided between two adjacent 
electrodes, for example oo an outside surface of body 802. 
When a voltage potential is formed between electrode 804 
and electrode 806, the molecule is transported from reservoir 
808. The molecule may then diffuse into a surrounding wall 
of a blood vessel. Alternatively or additionally, the voltage 
field between the electrodes has a sufficient component to 
transport the molecule perpendicular to device 800. Alter- 
natively or additionally, the voltage field opens pores in the 
vessel wall to enhance the diffusion of the molecule. 

[0219] In an alternative embodiment, device 800 com- 
prises two or more layers, «dn one polarity electrode in one 
layer and a second polarity electrode in the other layer. 

[0220] In another alternative embodiment, device 800 is 
mounted outside the blood vessel. In such a case, a cylin- 
drical body shaped like body 802 in the figure may not be 
required, so wireless patefc-shaped electrodes may be pro- 
vided instead. 

[0221] In another exempfany embodiment, a work increas- 
ing excitatory (e.g., over peeing) or non-excitatory (e.g., 
contractility enhancing) pufea is applied to provide oxygen 
stress, while, at a same tinnc» angiogenesis enhancing mol- 
ecules are provided, locally or system ically. 

[0222] In another exemplary embodiment, the salvage of 
ischemia-damaged tissue is enhanced by both reducing its 
oxygen requirements using a desensitizing electric field (or 
fences) and by locally provmfing work-reducing molecules, 
such as calcium blockers, la some embodiments, the cal- 
cium blockers are systemicaiy provided in a form that has 
difficulty crossing blood vessel walls. By application of a 
local field, the calcium blocftcxs affect substantially only the 
treated area. In some cases, the molecule and the electric 
field are applied simultaneously. In other cases, they are 
alternated, for example to afflux* the tissue to recuperate from 
adverse effects of one or t£re other. Once the tissue has 
sufficiently recuperated, it aaay be trained back to shape 
and/or have angiogenesis ccfeancing methods applied to it. 

[0223] In another exempfaoy embodiment, hypertrophy of 
a part of the heart is treated by applying a suitable electrical 
control sequence to reduce tfte cardiac activity of the part 
and applying a molecule to reduce the hypertrophy. 



[0224] Circulating Reservoir 

[0225] In an exemplary embodiment of the invention, the 
device is used to release a molecule from a circulating 
reservoir. In an exemplary embodiment of the invention, the 
device is stent-like, for example as shown in FIG. 6. 
Alternatively, the device may comprise electrodes inside or 
outside the blood vessel. 

[0226] In an exemplary embodiment of the invention, the 
reservoir comprises a plurality of liposomes that encapsulate 
a molecule. 

[0227] U.S. Pat. No. 6,041,252 to Walker et at, the 
disclosure of which is incorporated herein by reference, 
describes liposome compositions and field strengths that 
will cause the liposomes to release their contents and/or 
migrate towards the walls of a blood vessel. Also described 
is a non-toxic material for sealing temporary pores formed 
in body cells as a result of the applied field. Also described 
are various therapeutic materials. Alternatively or addition- 
ally, non-electrical means may be used to free the molecule 
from the liposome, for example, chemical means secreted by 
the device into the blood flow, for example Nystatin that 
forms pores in liposomes, special molecules for liposomes 
designed to be opened by chemical means and/or other 
means, such as heating means, or optical means, for suitably 
sensitive liposomes. 

[0228] Referring back to FIG. 6, device 800 may include 
electrodes for applying a field across the blood vessel, to 
release molecules from a circulating reservoir, alternatively 
or additionally, to applying an iontophoresis field, an elec- 
trophoresis field and/or a field for releasing a molecule from 
reservoirs 808. The electrification of the electrodes and/or 
their layout may be different for the different effects, for 
example for liposome release or migration, different polarity 
electrode elements may be provided on opposite sides of 
device 800, so that the field is applied across the blood 
vessel. For extraction from reservoir 808, a voltage between 
two nearby electrodes may be applied. In an exemplary 
embodiment of the invention, electrodes 804 and/or 806 
comprise multiple parts, which can be selectively electrified 
to achieve various field directions and/or strengths under the 
control of controller 810. 

[0229] A sensor in device 800 may be used to synchronize 
the application of the release and/or transport fields to local 
and/or global activity of the excitable tissue. Alternatively, 
other effects can be achieved by the fields, as described 
above. The transport field, the release filed and the control 
filed may be the same or different fields and/or two effects 
may be combined in a single field. 

[0230] In an exemplary embodiment of the invention, 
device 800 is used to release molecules in the vascular bed 
of an organ to be treated, for example in a coronary artery 
of the heart or a renal artery. Alternatively or additionally, 
the molecules are released into a vessel that passes near the 
tissue to be treated. Alternatively or additionally, the mol- 
ecules are released in the vessel, to be transported, (e.g., 
electrically) through the vessel walls into nearby tissue. 

[0231] Reservoir 808, or multiple reservoirs, may include 
a same molecule or different as in the circulating reservoir. 
Alternatively or additionally, multiple reservoirs with dif- 
ferent materials may be provided. Optionally, non-electrical 
release from reservoir 808 is used. At least one or the 

i 
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reservoixs in device 800 may be pointed inwards, to release 
its contents into the blood stream. Alternatively or addition- 
ally, it may be pointed outwards, to release its contents into 
the vessel wall. Alternatively or additionally, the release 
direction may be controlled by the psttcular transport 
electric field applied. In a non-stent device, the reservoir 
may be provided and/or activated separately from the elec- 
trodes. 

[0232] In an exemplary embodiment of the invention, the 
locally released molecule may interact with a systemically 
available molecule. In one example, the locally available 
molecule is an antagonist for the systemic molecule, so that 
the systemic molecule has a different or no effect locally 
(e.g., Heparin and its antagonist Protamine). Alternatively or 
additionally, the systemic molecule picvats. the local mol- 
ecule from having an effect away from where it is released, 
for example, due to the lower concentration of the local 
molecule. Alternatively, an enhancement effect may be 
provided, with the local molecule enhanciag or activating 
the systemic molecule, or vice versa. The systemic molecule 
may be provided as a circulating reservoir or by injection or 
other means. Thus, in some embodiments cf the invention, 
the systemic molecule is released locally; together with 
another locally released molecule from device 800. 

[0233] In another example, device 800 b used to geneti- 
cally modify (e.g., by ehiting viruses or direct electrophore- 
sis of DNA) the vascular tissues. These modified tissues may 
elut a chemical that interacts with the systemic drugs (or 
otherwise provided molecule). Alternatively or additionally, 
the modified cells may include fewer or a greater number of 
receptors (or other reason for sensitivity) for the systemic 
drug. Alternatively or additionally, the modified cells may 
exhibit a higher or lower uptake or transport rate for the 
drug. 

[0234] In an exemplary embodiment of the invention, two 
sensors are provided, one at the entrance to the targeted 
tissue and one at a different location, for example elsewhere 
in the vascular system or at the vascular exit from the 
targeted tissue. The second sensor, whkb may also be 
mounted on a stent, possibly a molecule releasing stent, may 
measure the amount of the released molecule in the blood 
stream. The measurement may be direct, or a easily detect- 
able tag may be released with the molecule 

[0235] Such measurement may be applied during testing 
of dosage or during calibration or regular use of device 800. 
For example, the second device may indicate to the user that 
the level of circulating molecule is too htgjt (or too low). 
Alternatively or additionally, the second device may auto- 
matically efute an antagonist to the molecule secreted by the 
first device. Optionally, such automatic secretion is per- 
formed without a sensor, for example, based on calibration 
of the device or by external activation. 

[0236] Non-Cardiac Applications 

[0237] The above application has focused on cardiac 
applications. It should be noted that similar devices may be 
used for non-cardiac applications, in whole organs or in 
portions of excitable or non-excitable tissues. It should be 
noted that the heart typically has two properties not found in 
other excitable tissue: synchronous operation and significant 
and immediate health risk due to adverse effects. The brain 
for example, as a whole, does not exhibit unitary synchro- 



nized behavior as does the heart The stomach on the other 
hand, while it is synchronous, does not pose immediate 
life-threatening danger as a result of adverse effects. How- 
ever, many non-cardiac tissue may cause discomfort (sort or 
long term) and/or pain, if incorrectly activated. Thus, in 
some cases, an excitatory transport or release pulse may be 
used. Alternatively or additionally, the electric fields applied 
are synchronized to the activation in the excitable tissue. 
Alternatively or additionally, a propagation stopping field 
(fencing) may be used to prevent propagation of the effects 
of the transport pulse. 

[0238] It should be noted that some excitable tissues may 
be relaxed by application of a suitable non-excitatory or 
excitatory pulse, thus possibly assisting transport Alterna- 
tively or additionally, the pulse may target excitable com- 
ponents of the tissue, for example blood vessels. Alterna- 
tively or additionally, the electric field may be applied to 
stiffen excitable tissue, thus preventing molecule uptake. 

[0239] In some embodiments of the invention, the appli- 
cation of electrical field and/or molecules ignores the exci- 
tatory (or excitation disruption) effect of the electric field, 
but uses other features described herein, for example mul- 
tiple vectored molecule distribution using electrode arrays, 
reduction of blood flow or implantable wireless electrodes 
having associated therewith molecule reservoirs. Alterna- 
tively, non-pain causing effects, such as muscle contractions, 
or even pain causing effects, such as muscle spasms may be 
ignored or taken into account when applying the fields. It is 
noted that also some cardiac applications can allow the 
transport field to be excitatory., One exemplary application 
is treatment of irritable bowel syndrome using locally trans- 
ported anti-inflammatory drugs, such as steroids. The drugs 
and/or a transport-related signal possibly timed to the nor- 
mal bowel electrical activity so as not to interfere with it. 
Alternatively or additionally, the electrical signal also con- 
trols the bowels. For bowel and other hollow organ appli- 
cations, a device similar to that of FIG. 6 may be used. In 
an exemplary embodiment of the invention, the drugs are 
released in the upper or lower mesenteric arteries, to better 
target them to the bowels. Alternatively or additionally, a 
systemic inhibitor is provided, to reduce the effect of the 
drugs on tissues outside of the bowels. 

[0240] In a pulmonary application, COPD and asthma are 
treated, for example, using adrenergic agonists, phosphodi- 
esterase inhibitors, steroids and/or cholinergic antagonists. 
The electric fields may be selectively applied to prevent 
inadvertently affecting the heart. 

[0241] In a urinary example, muscle relaxants to bladder 
are locally provided, for example at night, to treat overflow 
incontinence caused by an over excited bladder. A suitable 
implantable device may be, for example, a stent implanted 
inside the urethra. Local provision may prevent possibly 
systemic and/or organ specific side effects of smooth muscle 
relaxants, for example, hypotension, digestive problems 
and/or cardiac effects. 

[0242] In a joint application, gold or other lubricants are 
transported into a joint, for example with the electric field 
synchronized to prevent inadvertent electrical activation of 
muscles. 

[0243] In a non-cardiac angiogenesis application, the 
growth of new vessels in an organ is provided by targeting 
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VEGF (or alter growth factors) to that organ or part thereof, 
for example, to combat or prevent diabetes-related gangrene 

[0244] la a uterine application, uterine contractions are 
suppressed during labor, or during an early labor, using 
targeted tocolytic drugs and/or suitable electrical pulses. 
Alternative^ contractions are enhanced and/or controlled 
while and/or shortly after providing a drug. Optionally, the 
uterus is re brad when the drug is provided, to assist in tissue 
penetration. Alternatively or additionally, the uterus may be 
contacted after the provision, to enhance delivery. 

[0245] In a skeleton muscle example, muscle relaxants 
may be supplied, locally to a muscle limb and/or a part 
thereof. 

[0246] Taigeted Protection 

[0247] In an exemplary embodiment of the invention, 
protection of an organ from a system effect is supplied by 
providing, at a vascular entrance to organ, a device that 
releases antagonist molecules. The release may be synchro- 
nized to the availability of systemic molecules, for example, 
both being controlled by a same controller. Any type of 
release mechanism may be used, including electrical and 
non-electrical mechanisms. In a particular example, the 
kidney is protected from cyclosporine, an anti-rejection 
drug, which may provided for preventing rejection of an 
implanted heart. 

[0248] Alternatively or additionally, the system may be 
protected from a molecule targeted to a particular tissue, for 
example, by releasing the antagonist at the vascular exit 
from the tissue. For example, an antagonist for a cardiac 
stimulator, at the exit from the coronary vessels. Alterna- 
tively or additionally to chemical antagonists, antibodies 
may be used for tagging and/or activity prevention. Tagging 
may be used for collecting information about dosages and its 
effects andAor for stimulating removal by the pagocyttc 
system. 

[0249] In another example, a suitable antagonist is used to 
counteract toxic effects of a molecule used to release a drug 
from a liposome. 

[0250] In another exemplary embodiment of the invention, 
a systemic,, less active molecule is provided, with an acti- 
vator being released at a vascular entrance to an organ and/a 
deactivator being released at the vascular exit from the 
organ. 

[0251] Multi-Treatment Kit 

[0252] In an exemplary embodiment of the invention, the 
device (e.g., device 800) is provided as a kit that may be 
used with a variety of molecules, organs, treatment protocols 
and/or systemic provision protocols. The kit may include, 
for example, a stent and an external controller, for providing 
programming of the stent and/or real-time control of the 
stent. Optionally, such a kit includes multiple stents, for 
example for providing an activator/deactivator pair of mol- 
ecules. 

[0253] In some embodiments, a multi-catheter system is 
used to provide multiple types of molecules and/or multiple 
electrode locations. 

[0254] It will be appreciated that the above-described 
methods of transporting molecules in the various tissues 
may be varied in many ways. In addition, a multiplicity of 



various features, both of methods and of devices has been 
described. Where methods are described, devices for carry- 
ing out the methods are also contemplated. It should be 
appreciated that different features may be combined in 
different ways. In particular, not all the features shown 
above in a particular embodiment are necessary in every 
similar exemplary embodiment of the invention. Further, 
combinations of the above features are also considered to be 
within the scope of some exemplary embodiments of the 
invention. Also within the scope of the invention are devices 
and/or software for programming existing devices to make 
the device comply with the methods described herein. Sec- 
tion headings where they appear are meant for clarity of 
browsing only and should not be construed as limiting the 
contents of a section to that particular section. When used in 
the following claims, the terms "comprises", "includes", 
"have" and their conjugates mean "including but not limited 
to". 

[0255] It will be appreciated by a person skilled in the art 
that the present invention is not limited by what has thus far 
been described. Rather, the scope of the present invention is 
limited only by the following claims. 

1. Electrical treatment apparatus for use with an associ- 
ated molecule source, comprising: 

at least one electrode; 

a power source for electrifying said at least one electrode; 
and 

a controller, which is programmed to activate the power 
source to selectively electrify said at least one electrode 
to apply at least one electric field including a transport 
effect for transporting a molecule in a desired manner 
and a non-excitatory control effect for controlling the 
activity of at least a part of a non-cardiac excitable 
tissue, said programming selected to achieve a desired 
provision of said molecule into said at least a part of an 
excitable tissue or associated vasculature, said desired 
provision being at least assisted by an interaction 
between the transport effect and the control effect. 

2. Apparatus according to claim 1, wherein said controller 
is hardware programmable. 

3. Apparatus according to claim 1, wherein said controller 
is software programmable. 

4. Apparatus according to claim 2 or claim 3, comprising 
a wireless programming input 

5. Apparatus according to any of claims 1-4, wherein said 
programming comprises programming adapted for said 
patient. 

6. Apparatus according to any of claims 1-5, wherein said 
programming comprises a setting of at least one operational 
parameter of said apparatus. 

7. Apparatus according to any of claims 1-6, wherein said 
programming comprises a selection or at least, one opera- 
tional protocol from a set of available protocols in said 
apparatus. 

8. Apparatus according to any of claims 1-7, wherein said 
controller is operable in a testing mode, in which mode a test 
treatment of a molecule is provided to the patient and the 
response of the patient to the test is monitored by said 
controller. 

9. Apparatus according to any of claims 1-3, comprising 
a synchronization connection to a molecule source contain- 
ing said at least one type of molecule. 
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10. Appar*ns according to claim 9, wherein said syn- 
chronization connection comprises an informative connec- 
tion that provides at least one informative signal to said 
controller, informing of a state of molecule release. 

U. Apparatis according to claim 9 or claim 10, wherein 
said synchronization connection comprises a control con- 
nection that provides at least one control signal from said 
controller, to control a state of molecule release. 

12. App antes according to claim 11, wherein said mol- 
ecule source is an electric-field mediated molecule source 
and wherein said control signal generates an electric field 
that releases sa£d molecule from said source. 

13. Apparatus- according to claim 12, wherein said syn- 
chronization connection is comprised in said at least one 
electrode used for applying a transport effect. 

14. Apparatos according to claim 13, wherein said mol- 
ecule source is integral with said electrode. 

15. Appantas according to claim 13, wherein said mol- 
ecule source comprises blood dispersed molecules. 

16. Apparates according to any of claims 1-11, wherein 
said molecule source is integral with said at least one 
electrode used for applying a transport effect. 

17. Apparatus according to any of claims 1-11, wherein 
said molecule source is integral with said apparatus. 

18. Apparatus according to any of claims 1-11, wherein 
said molecule source is external to said apparatus. 

19. Apparatus according to any of claims 1-11, wherein 
said molecule source comprises a catheter, coupled to said 
apparatus outeirfe said patient. 

20. Apparatus according to any of claims 1-11, wherein 
said molecule source comprises a source of a plurality of 
molecule types. 

21. Apparatus according to claim 20, wherein said con- 
troller controls said molecule source to selectively release at 
least a particular one of said plurality of molecule types. 

22. Apparatus according to any of claims 1-21, compris- 
ing at least one sensor that senses a functional tissue 
parameter and provides said sensed parameter to said con- 
troller. 

23. Apparatus according to claim 22, wherein said sensor 
measures a functional tissue parameter relating to the entire 
excitable tissue. 

24. Apparatus according to claim 22, wherein said sensor 
measures a functional tissue parameter relating to a portion 
of the excitable tissue. 

25. Apparatus according to any of claims 22-24, wherein 
said controller analyses said sensed parameter to detect an 
effect of said molecule on said excitable tissue. 

26. Apparatus according to any of claims 22-24, wherein 
said controller analyses said sensed parameter to detect an 
activity of the excitable tissue and wherein said controller 
synchronizes said provision to said sensed activity. 

27. Apparatus according to any of claims 22-24, wherein 
said controller analyses said sensed parameter to delect an 
effect of said transport field on said excitable tissue. 

28. Apparatus according to any of claims 22-27, wherein 
said controller modifies said at least one electric field to 
modify said transport effect responsive to said sensed 
parameter. 

29. Apparatus according to any of claims 22-27, wherein 
said controller modifies said at least one electric field to 
modify said control effect responsive to said sensed param- 
eter. 



30. Apparatus according to any of claims 22-29, compris- 
ing a watchdog that detects an abnormal effect of said 
applied fields. 

31. Apparatus according to any of claims 22-30, compris- 
ing a watchdog that detects an abnormal effect of said 
molecule. 

32. Apparatus according to any of claims 1-31, compris- 
ing a user input for receiving an indication of an effect of 
said apparatus from said patient 

33. Apparatus according to any of claims 1-32, wherein a 
single electric field applies both of said transport effect and 
said control effect. 

34. Apparatus according to any of claims 1-32, wherein 
said at least one electric field comprises at least one transport 
field and at least one control field. 

35. Apparatus according to any of claims 1-34, wherein 
said transport effect and said control effect are provided 
simultaneously. 

36. Apparatus according to any of claims 1-34, wherein 
said transport effect and said control effect are applied 
sequentially. 

37. Apparatus according to any of claims 1-34, wherein 
said control effect is selectively applied in association with 
only some of said transport effects. 

38. Apparatus according to any of claims 1-37, compris- 
ing at least one pacing electrode that is controlled by said 
controller to apply a pacing pulse. 

39. Apparatus according to claim 38, wherein said at least 
one pacing electrode is comprised in said at least one 
electrode. 

40. Apparatus according to any of claims 1-39, wherein 
said transport effect is provided by an excitatory field. 

41. Apparatus according to any of claims 1-39, wherein 
said transport effect is provided by a non-excitatory field. 

42. Apparatus according to any of claims 1-41, compris- 
ing an output port for generating an output to said patient. 

43. Apparatus according to any of claims 1-42, wherein 
said control effect is selected to prevent an adverse effect of 
said transport pulse. 

44. Apparatus according to any of claims 1-43, wherein 
said control effect is selected to prevent an adverse effect of 
said molecule. 

45. Apparatus according to any of claims 1-44, wherein 
said molecule is selected to counteract an adverse effect of 
said control effect. 

46. Apparatus according to any of claims 1-45, wherein 
said control effect is selected to counteract an adverse effect 
of said molecule. 

47. Apparatus according to any of claims 1-46, wherein 
said control effect is selected to prepare said tissue for said 
transport. 

48. Apparatus according to any of claims 1-47, wherein 
said control effect is selected to extend a period of time 
suitable for provision of said molecule. 

49. Apparatus according to any of claims 1-48, wherein 
said control effect and said molecule are selected to coop- 
crate and effect a desired treatment of said tissue. 

50. Apparatus according to any of claims 1-49, wherein 
said at least one electrode comprises al least one transport 
electrode for applying a transport effect of said at least one 
field and at least one control electrode for applying said 
control effect of said at least one field. 

51. Apparatus according to any of claims 1-49, wherein 
said transport effect and said control effect of said at least 
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one electric field are applied using at least one common 
electrodb of said at least one electrode. 

52. Apparatus according to claim 50, wherein said at least 
one cartroi electrode is spatially displaced from said at least 
one transport electrode. 

53. Apparatus according to any of claims 1-52, wherein 
said at feast one electrode comprises a point electrode. 

54. Apparatus according to any of claims 1-52, wherein 
said al Beast one electrode comprises a spiral electrode. 

55. Apparatus according to any of claims 1-52, wherein 
said at least one electrode comprises a linear electrode. 

56. Apparatus according to any of claims 1-52, wherein 
said at feast one electrode comprises a mesh electrode. 

57. Apparatus according to any of claims 1-52, wherein 
said at least one electrode comprises a plate electrode. 

58. Apparatus according to any of claims 55-57, wherein 
said efcetrode comprises a plurality of independently elec- 
trifiablc contacts. 

59. Apparatus according to claim 58, wherein said con- 
trollers selectively electrifies said independent contacts to 
achieve a desired, non-uniform, volumetric dispersion of 
said molecule, relative to said electrode. 

60. Apparatus according to any of claims 1-59, wherein 
said at least one electrode is connected by wire to said 
controller. 

61. Apparatus according to any of claims 1-59, wherein 
said at feast one electrode is a wireless electrode. 

62. Apparatus according to any of claims 1-61, wherein 
said at least one electrode is implantable. 

63. Apparatus according to any of claims 1-61, wherein 
said at least one electrode is mounted on a catheter. 

64. Apparatus according to any of claims 1-61, wherein 
said al least one electrode is an external electrode. 

65. Apparatus according to any of claims 1-61, wherein 
said apparatus is implantable. 

66. Apparatus according to any of claims 1-61, wherein 
said apparatus is comprises in a cylindrical body adapted for 
implantation inside a blood vessel. 

67. Apparatus according to any of claims 1-61, wherein 
said apparatus is wholly external to the patient 

68. Apparatus according to any of claims 1-67, wherein 
said transport effect comprises iontophoresis. 



69. Apparatus according to any of claims 1-68, wherein 
said transport effect comprises electropo ration. 

70. Apparatus according to any of claims 1-69, wherein 
said non-cardiac excitable tissue comprises uterine tissue. 

71. Apparatus according to any of claims 1-69, wherein 
said non-cardiac excitable tissue comprises bladder tissue. 

72. Apparatus according to any of claims 1-69, wherein 
said non-cardiac excitable tissue comprises digestive tissue. 

73. Apparatus according to any of claims 1-69, wherein 
said transport effect comprises releasing a molecule from a 
circulating reservoir. 

74. Apparatus according to claim 73, wherein said circu- 
lating reservoir comprises liposomes in a blood stream. 

75. Apparatus according to any of claims 1-74, wherein 
said controller coordinates the interaction of a systemic 
molecule and locally available molecule, to have a syner- 
gistic effect. 

76. Apparatus according, to claim 75, wherein said local 
molecule blocks an effect of said systemic molecule. 

77. Apparatus according to claim 75, wherein said local 
molecule enhances an effect of said systemic molecule. 

78. Apparatus according to claim 75, wherein said sys- 
temic molecule blocks an effect of said local molecule away 
from said a locality where said local molecule is provided. 

79. Apparatus according to claim 75, wherein said sys- 
temic molecule enhances an effect of said local molecule. 

80. Electrical treatment apparatus for use with an associ- 
ated molecule source, comprising: 

at least one electrode; 

a sensor for sensing a functional state of a non-cardiac 
tissue; 

a power source for electrifying said at least one electrode; 
and 

a controller, which is programmed to activate the power 
source to selectively electrify said at least one electrode 
to apply at least one electric field including a transport 
effect for transporting a molecule in a desired manner, 
synchronized to said sensed functional state. 

***** 
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Detail Description Paragraph - DETX (68) : 

[0131] One method of localized molecule provision is in 
association with one 

of the electrodes of the device 100, FIG. 4 is a schematic 
illustration of a 

molecule provision apparatus in accordance with an 
exemplary embodiment of the 

invention. A lead 180 has at its end an electrode 182, for 
applying a 

non-excitatory electric field to a heart segment 15 0 and a 
drug - e luting portion 

184. In one embodiment, lead 180 is a hollow tube which 
caries the molecule 

from a reservoir inside device 100 (not shown) . Such a 
reservoir is amenable 

to replenishment, for example as known in the art of 
replenishing implanted 

medication pumps. Alternatively, lead 180 itself may serve 
as a reservoir. In 

one example, lead 18 0 is a hollow tube which caries the 
molecule from a 

reservoir inside device 100 (not shown) . Such a reservoir 
is more amenable for 

replenishment, for example as known in the art of 
replenishing implanted 

medication pumps. Alternatively, lead 18 0 itself may serve 
as a reservoir. In 

one example, lead 18 0 is hollow and filled with a liquid 
medicament . In 

another example, the medicament is solid and is dissolved 
by body fluids only 

at the distal end thereof. In another example, a molecule 
is constrained in a 

gel matrix inserted inside lead 180. In some embodiments, 
an electric field is 

used to advance the molecules along the lead, for example 
as described in U.S. 

Pat. No. 5,865,787. In general, a reservoir may be useful 
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where local 

provision of a molecule is desirable. 
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(57) ABSTRACT 

Apparatus (800) for targeted release of a molecule carried in 
a circulating reservoir, comprising: at least one electrode 
(804); and a controller (810) adapted to electrify said 
electrode (804) with at least one electric field, said electric 
field operative to have at least one desired effect related to 
said circulating reservoir with said molecule, wherein said 
electrode and said electrification are adapted such that at 
least one of said effects is selectively applied to a particular 
blood vessel that carries Mood through tissue and wherein 
said at least one effect that is selectively applied comprises 
a release effect, which releases said molecule from said 
circulating reservoir that circulates in said blood vessel. 
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DRUG DELIVERY DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to electrically medi- 
ated transport of drugs into cardiac tissue and/or into cells of 
the tissues. 

BACKGROUND OF THE INVENTION 

[0002] Electropontion is a technique used for introducing 
molecules across a ocD membrane and into a cell. In a typical 
application, an in-vitro cell culture is mixed with a target 
molecule and a brief electrical field is applied to the mixture. 
The electrical field causes a transient porosity of the cell 
membranes, allowing the molecules to enter the cell. U.S. 
Pat. No. 5,501,662, the disclosure of which is incorporated 
herein by reference, describes an electroporation system for 
blood, in which an electric field is applied to a vessel having 
blood cells mixed with a target gene (or other molecules) 
and the electric field causes the genes to be transported into 
the cells. Electroporation is especially useful for large mol- 
ecules, such as proteins, and for other molecules which do 
not have a biological mechanism for crossing the cell barrier. 

[0003] Iontophoresis is a method of transporting drugs 
into a body tissue, from outside the body tissue, usually from 
the skin. The drug is provided in a charged form and, when 
an electric field is applied, the electric field moves the 
charged drug along the gradient of the field. 

[0004] PCT publication WO 98/15317, the disclosure of 
which is incorporated herein by reference, describes an 
implantable dmg-ehitmg tip which uses a cardiac pacing 
signal to cause changed drug particles to leave a reservoir 
and be available locally. It is suggested in that publication 
that the electric field of the pacing signal is sufficient to 
iontophorese the drug into the heart tissue. Injection of DNA 
into individual cells is suggested using a similar device, for 
apply toxins to tumor cells, apparently not in the heart. 
However, it is not clear whether the fields strengths and 
durations of a pacing signal are sufficient for electroporation 
or even iontophoresis for any considerable depth. 

[0005] U.S. Pat No. 5,865,787, the disclosure of which is 
incorporated herein by reference describes a catheter for 
electroporation or iontophoresis, in which the iontophoresis 
pulses are applied in conjunction with active pacing. 

[0006] U.S. Pat No. 5387,419, the disclosure of which is 
incorporated herein by reference, describes a system for 
controlled release of antiarrhythniic agents. 

SUMMARY OF THE INVENTION 

[0007] One aspect of some exemplary embodiments of the 
invention relates to using a non-excitatory pulse to control 
molecule availability at or near excitable tissue, such as the 
heart, the uterus or the GI tract, which might be activated in 
an undesirable manner by an applied electric field. The 
exerted control may include, for example, one or more of 
causing a molecule to exit a reservoir, iontophoresis of the 
molecule into tissues, release of the molecule from a circu- 
lating reservoir, such as electrically-opened liposomes and/ 
or electroporation of the molecule into individual tissue 
cells. An optional second non-excitatory pulse may be 
provided to interact with the first pulse (e.g., to control the 
tissue) and/or the molecule. In some embodiments of the 



invention, the molecule availability pulse is excitatory and 
adverse effects of the pulse are prevented by the second 
pulse. 

[0008] As used herein the term "non-excitatory pulse" 
means an applied electric field which does not induce an 
additional propagating action potential in the heart (or other 
relevant excitable tissue), for example due to its frequency, 
polarity, waveform, duration, amplitude and/or its being 
applied at a time in the electrical activation cycle when the 
nearby tissue does not respond to the pulse. 

[0009] As used herein the term molecule means any type 
of molecule, including, especially, genetic material, such as 
DNA and RNA, genetic vectors, such as viruses and plas- 
mids, polypeptides, hormones and small molecule drugs. In 
addition, the molecules may include ATP, cAMP and/or 
particles having the molecule adsorbed thereto or located 
inside a volume of a hollow particle, such as a liposome, 
which can be transported into the tissue or trapped in a 
matrix, such as a hydrogel matrix reservoir on the electrode. 
Exemplary pharmaceuticals include: p-Blockers, anti-can- 
cer drugs, specific antibodies, SERCA, VEGF and Nitro 
components such as Nitroglycerine. In particular, some 
molecules may have a systemic toxic effect and/or may 
damage some organs of the body. In another example, the 
provided molecule is an antagonist for a different molecule, 
also present in the body, for example antagonists eg. Prota- 
mine which antagonizes Heparin. 

[0010] In an exemplary embodiment of the invention, 
knowledge of what types of pulses will not cause an ectopic 
excitation and or other arrhythmia, (herein referred to as an 
arrhythmia) in any particular excitable tissue organ and/or 
methods for controlling such arrhythmia should they occur 
are used to apply pulses having larger voltages, currents 
and/or durations than previously thought possible, to the 
excitable tissue, for the purpose of transporting drugs. In 
addition, a variety of waveforms becomes available. Option- 
ally, apparatus designed for non-excitatory pulses is used 
(e.g., not a pacemaker), making possible various program- 
mable pulse forms and larger amounts of power. However, 
in some embodiments of the invention, a modified pace- 
maker/simulator may be used, for example a pacemaker with 
modified programming, to provide a non-excitatory pulse. 

[0011] Various types of electrodes may be used. In an 
exemplary embodiment of the invention the type of elec- 
trode used is a point electrode. Alternatively or additionally, 
a line electrode, a wide area electrode, a vascular electrode 
which is inserted into a vessel and/or a one- or two- 
dimensional matrix electrode may be used. 

[0012] In an exemplary embodiment of the invention, the 
molecules are provided by the electrode, for example using 
a drug-el u ting electrode of one of various types as known in 
the art. Alternatively or additionally, the molecule is pro- 
vided in other ways. For example the molecule is injected 
system icaily or locally or applied using an implanted pump 
possibly with output ports at the region to be treated or in a 
vascular bed thereof or adjacent thereto where the electrical 
pulse can transport it). Possibly, a decomposing or other 
matrix having the molecule embedded therein is used to 
supply the molecule. Alternatively, the molecule is ingested, 
inhaled or applied topically. In some cases, a plurality of 
molecules and/or molecule provision methods are used 
simultaneously in a single patient, for example both sys- 



US 2002/0183686 Al 



2 



Dec. 5, 2002 



temic and local provision of two different molecules. 
Optionally, such two or more molecules may interact, for 
example the local molecule blocking the activity of the 
systemic ooc or enhancing it, or vice versa, for example, the 
systemic molecule blocking the effect of the local molecule 
outside of the targeted area, where the concentration of the 
local molecmle is lower. 

[0013] An aspect of some embodiments of the invention 
relates to an interaction between non-excitatory signals 
applied and the molecule transport In some embodiments of 
the invention, the transport pulse and/or an optionally pro- 
vided second non-excitatory pulse prevent and/or counteract 
adverse affects of the transport pulse and/or of the trans- 
ported molecule, for example by preventing the propagation 
of undesirable action potentials. In some embodiments of 
the invention, the transport pulse is applied at a location 
spatially displaced from the location of the second non- 
excitatory poise. In some embodiments of the invention, the 
adverse effect that is contracted by the second non-excita- 
tory pulse is caused by a non-transport electrical signal, for 
example an electrical or optical signal used to stimulate cells 
in or near the excitable tissue to perform angiogenesis. 

[0014] In an exemplary embodiment of the invention the 
molecule and the non-excitatory signal cooperate to have a 
desired, synergistic effect on the excitable tissue, for 
example the molecule enhancing a contractility increasing 
effect of the signal or the signal enhancing a contractility 
increasing effect of the molecule. Alternatively, the signal 
may be selected to have a minimal (e.g., functional and/or 
sensory) effect on the excitable tissue. 

[0015] A&rious types of molecules may be used in exem- 
plary embodiments of the invention. In some particular 
embodiment of the invention, non-ionized/charged mol- 
ecules are used for electrically mediated transport in the 
excitable tissue. Optionally, the effect of electroporation is 
achieved by the electric field of the non-excitatory signal 
momentarily opening pores in the cardiac cell membranes. 
Alternatively or additionally, dipole charges are formed on 
the molecules* for transport, by using suitable electric field 
frequencies. In some embodiments, required field intensi- 
ties, waveforms or frequencies are provided by virtue of 
using non-excitatory fields. 

[0016] An aspect of some exemplary embodiments of the 
invention relates to a method of treating a dysfunction in an 
excitable oigan. In an exemplary embodiment of the inven- 
tion, a patient is temporarily connected to a device that 
electrically transports molecules into excitable tissue. Pos- 
sibly, the device also performs monitoring functions and/or 
provides other treatment, such as applying electrical fields 
that prevent arrhythmia or pacing the excitable tissue. 

[0017] An aspect of some exemplary embodiments of the 
invention relates to treating coronary blood vessels or other 
blood vessels that are near or inside the heart or other 
excitable tissue, using electrically mediated molecule trans- 
port. In an exemplary embodiment of the invention, the 
timing and/or other parameters of application of electric 
fields for transporting the molecules are selected to not have 
a pro-arrhythmic effect on the excitable tissue. In an exem- 
plary embodiment of the invention the molecule transported 
is one which causes breakdown of clots or other occlusions, 
one which causes angiogenesis and/or one which prevents 
stenosis or re-stenosis of the vessel. Alternatively or addi- 



tionally to using a transport pulse, the therapy may be 
effected using a non-transport pulse, for example a vessel 
spasm relaxation pulse. It is noted that pacemaker lead 
placement usually avoids placing the lead over a coronary 
vessel, in order to provide better electrical contact with the 
excitable tissue. 

[0018] An aspect of some exemplary embodiments of the 
invention relates to using a non-excitatory pulse generating 
device to both transport a molecule and detect and/or 
measure an effect of the molecule, for example an effect on 
conduction velocity, contractility or action potential propa- 
gation. Alternatively or additionally to measuring the effect 
the device can be used to counteract or block pro-arrhythmic 
effects of the molecule and/or of the pulse used to transport 
the molecule. Alternatively or additionally, the device is 
used to control the type, timing and/or dosage of molecule 
to be applied. 

[0019] An aspect of some exemplary embodimeots of the 
invention relates to providing one or more types of mol- 
ecules at a plurality of locations on the excitatory tissue. In 
an exemplary embodiment of the invention, the amount of 
molecule transported and the type of molecule transported at 
each point is individually controllable. Alternatively or 
additionally, the application regimen of the molecule may be 
pre determined. Alternatively, the application regimen may 
be varied, for example in response to needs of the excitatory 
tissue or in response to the effect of a previous application. 
Optionally, a non-excitatory pulse is used to transport the 
molecule. 

[0020] An aspect of some exemplary embodiments of the 
invention relates to synchronizing the transport of a mol- 
ecule with activity of the excitable tissue, for example the 
cardiac cycle or cardiac output variations caused by activity, 
to achieve desirable effects, for example transport effects. 
Alternatively or additionally, for example for non-cardiac 
excitable tissue, the synchronization is with on-off (or high- 
low) activation cycles of the tissue. Three types of synchro- 
nization may be distinguished. First is synchronization with 
the activity of a single cell (or a region) from depolarization 
to depolarization. The synchronization may be with any part 
of the electrical cycle, including, for example, an onset of 
depolarization or a plateau. Second is synchronization with 
the activity of the excitatory tissue within a cycle. Third is 
synchronization with longer term activities, such as increase 
in heart rate due to exercise, uterine contractions due to 
impeding labor or digestive activity of the GI tract. It is 
noted that the non-excitatory device can also control the 
above excitable tissue activities, alternatively or additionally 
to synchronizing with them. In one example, the molecule is 
transported at a time when it will have the greatest effect on 
the heart. In another example, the molecule is transported 
when travel through the uterine tissue is easiest, for example 
when the muscles of the uterus are relaxed. Possibly, the 
non-excitatory pulse is used to extend the refractory time of 
all or part of the tissue to allow the molecule to travel further 
in one cycle. 

[0021] An aspect of some embodiments of the invention 
relates to releasing a molecule from a circulating reservoir, 
using a field applied by an electrode associated with a 
particular blood vessel. Optionally, the particular blood 
vessel feeds a particular organ or part of an organ to be 
treated. In an exemplary embodiment of the invention, the 
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electrode is mounted on a steut-like device, on the inside of 
the blood vessel. Alternatively, the device is mounted out- 
side the blood vessel, for example being a wire implanted 
electrode. In an exemplary embodiment of the invention, the 
circulating reservoir comprises a liposome of a type that 
releases its contents wfcen a sufficiently strong electric field 
is applied to it. Optionally, the stent also includes a reservoir 
of a same or different molecule. Alternatively or addition- 
ally, the electrode (or a different electrode) also applies a 
transport field, for example to release a drug from the 
reservoir or to transport a molecule from the blood flow to 
the surrounding tissue. 

[0022] There is the provided in accordance with an 
exemplary embodiment of the invention, apparatus for tar- 
geted release of a molecule carried in a circulating reservoir, 
comprising: 

[0023] at least one electrode; and 

[0024] a controfer adapted to electrify said electrode 
with at least one electric field, said electric field 
operative to have al least one desired effect related to 
said circulating reservoir with said molecule, 

[0025] wherein said electrode and said electrification 
are adapted snctt that at least one of said effects is 
selectively applied to a particular blood vessel that 
carries blood through tissue and wherein said at least 
one effect that is selectively applied comprises a 
release effect, which releases said molecule from 
said circulating reservoir that circulates in said blood 
vessel. Optionally, said at least one electrode com- 
prises at least two electrodes. Alternatively, said at 
least one electrode comprises at least one multi- 
element electrode, the electrification of which ele- 
ments is separately controllable by said controller. 

[0026] In an exempts; embodiment of the invention, said 
circulating reservoir comprises liposomes that encapsulate 
said molecule. Alternatively or additionally, said at least one 
electrode is adapted to be mounted on an outside of a blood 
vessel. Alternatively, sxn£ at least one electrode is adapted to 
be mounted on an insfcte of a blood vessel. 

[0027] In an exempfany embodiment of the invention, the 
apparatus comprises a stent-body adapted to be lodged in 
said blood vessel and on which said electrode is mounted. 
Optionally, said at least one electrode comprises a ring 
electrode. Alternatively said at least one electrode com- 
prises a plurality of azrally spaced apart arc-portion elec- 
trodes. 

[0028] In an exemplary embodiment of the invention, said 
device is designed for a particular blood vessel diameter. 
Alternatively, said device is expandable to match a range of 
different diameters. 

[0029] In an exemplary embodiment of the invention, the 
apparatus comprises at bast one functional sensor operative 
to sense an activation slate of said tissue. Optionally, said 
functional sensor senses a local activation state of said 
tissue. Alternatively or additionally, said functional sensor 
senses a global activation state of said tissue. Alternatively 
or additionally, said sensor comprises an electrical activity 
sensor. Alternatively or additionally, said sensor comprises a 
mechanical activity sensor. Alternatively or additionally, 
said controller synchronizes said electrification to said 
sensed activation state. 



[0030] In an exemplary embodiment of the invention, said 
controller electrifies said electrode such that said at least one 
electrical field has a transport effect of transporting said 
molecule from said blood vessel outside of said blood 
vessel. Alternatively or additionally, said controller electri- 
fies said electrode such that said at least one electrical field 
has a transport effect of transporting said molecule into cells 
at or near said blood vessel. Alternatively or additionally, 
said controller electrifies said electrode such thai said at least 
one electrical field has a controlling effect on said tissue. 
Optionally, said controller electrifies said electrode such that 
said controlling effect interacts with said molecule to have a 
desired therapeutic effect caused by said controlling effect 
and said molecule. Alternatively or additionally, said con- 
troller electrifies said electrode such that said controlling 
effect interacts with said molecule to have a desired mol- 
ecule delivery effect. Alternatively or additionally, said 
controller electrifies said electrode such that said controlling 
effect counteracts a negative effect of at least one of said 
drug and said at least one electric field. Alternatively, said 
controller electrifies said electrode such that said controlling 
effect prevents a negative effect of at least one of said drug 
and said at least one electric field. 

[0031] In an exemplary embodiment of the invention, said 
controller electrifies said electrode such that said at least one 
electric field is an excitatory field for said tissue. Alterna- 
tively, said controller electrifies said electrode such that said 
at least one electric field is a non-excitatory field for said 
tissue. 

[0032] In an exemplary embodiment of the invention, said 
controller electrifies said electrode such that said at least two 
of said effects are provided using separate electric fields. 
Optionally, said controller electrifies said electrode such that 
at least two said effects are provided using different field 
directions. 

[0033] In an exemplary embodiment of the invention, said 
controller electrifies said electrode such that at least two of 
said effects are achieved by a single electric field. 

[0034] In an exemplary embodiment of the invention, the 
apparatus comprises at least one reservoir containing a 
second molecule. Optionally, said reservoir is adapted to 
release said second molecule towards a wall of said blood 
vessel. Alternatively, said reservoir is adapted to release said 
second molecule towards a lumen of said blood vessel. 
Alternatively or additionally, said controller electrifies said 
at least one electrode to transport said second molecule out 
of said reservoir. Alternatively or additionally, said device 
releases said second molecule at a dosage suitable to inhibit 
an activity of said molecule. 

[0035] In an exemplary embodiment of the invention, said 
apparatus releases said second molecule at a dosage suitable 
to enhance an activity of said molecule. Alternatively, said 
apparatus releases said second molecule at a dosage suitable 
to have its activity enhanced by said molecule. Alternatively, 
said apparatus releases said second molecule at a dosage 
suitable to have its activity inhibited by said molecule. 
Alternatively, said apparatus releases said second molecule 
at a dosage suitable to assist in releasing said molecule from 
said circulating reservoir. 

[0036] In an exemplary embodiment of the invention, said 
device is adapted to be implanted at a vascular entrance to 
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said tissue. Alternatively, sxe) device is adapted to be 
implanted at a vascular exit from said tissue. 

[0037] Id an exemplary embodiment of the invention, said 
controller is programmed to operate with tissue that is not 
electrically excitable. Alternatively, said controller is pro- 
grammed to operate with tissac that is electrically excitable. 
Optionally, said tissue compraes cardiac tissue. Alterna- 
tively, said tissue comprises ono-cardiac tissue. Optionally, 
said tissue comprises smooth muscle tissue. Alternatively, 
said tissue comprises a bladfat. Alternatively, said tissue 
comprises a uterus. Alternatrrefy, said tissue comprises a 
digestive tract. Alternatively, said tissue comprises striated 
muscle tissue. 

[0038] In an exemplary embodiment of the invention, the 
apparatus comprises a separate portion including: 

[0039] a second portion electrode; and 

[0040] an associated ressrvoir containing an associ- 
ated molecule, 

[0041] wherein said apparatus is adapted to release 
said associated molecule to inhibit an activity of said 
molecule. 

[0042] In an exemplary embodiment of the invention, said 
controller is implantable. Alternatively, said controller is 
adapted to remain outside the body. Alternatively or addi- 
tionally, said controller com rubricates with said electrode by 
wired means. Alternatively, sznl controller communicates 
with said electrode by wireles means. 

[0043] In an exemplary embodiment of the invention, the 
apparatus comprises a power scarce for providing energy for 
electrifying said electrode. Opto n ally, said power source is 
adapted to be inside a body. Alternatively, said power source 
is adapted to be outside a body. 

[0044] In an exemplary embodiment of the invention, said 
power source provides said eocigy by wired means. Alter- 
natively, said power source provides said energy by wireless 
means. 

[0045] In an exemplary embodiment of the invention, the 
apparatus comprises a sensor finr measuring a physiological 
parameter. Optionally, said sensor measures a concentration 
of said molecule. Alternatively enr additionally, said control- 
ler uses said measurement for determining said electrifica- 
tion. 

[0046] In an exemplary embod&nent of the invention, said 
controller is programmable. Optionally, said controller is 
programmable to match differed types of circulating reser- 
voirs. Alternatively or additionally, said controller is pro- 
grammable to match different types of molecules. 

[0047] In an exemplary embodiment of the invention, said 
controller is programmable to provide different treatment 
protocols. Alternatively or additionally, said controller is 
programmable to be used with different tissue types. Alter- 
natively or additionally, said controller is programmable to 
be used with different tissue sizes. 

[0048] There is also provided in accordance with an 
exemplary embodiment of the invention, a kit including: 

[0O49] apparatus as described herein; and 

[0050] instructions for use 



[0051] There is also provided in accordance with an 
exemplary embodiment of the invention, a kit including: 

[0052] apparatus as described herein; and 

[0053] a quantity of said circulating reservoir. 

[0054] There is also provided in accordance with an 
exemplary embodiment of the invention, a kit including: 

[0055] apparatus as described herein; and 

[0056] a quantity of said molecule. 

[0057] There is also provided in accordance with an 
exemplary embodiment of the invention, a method of tar- 
geted release, comprising: 

[0058] providing a circulating reservoir in a blood 
stream, said reservoir including a molecule; and 

[0059] applying an electric field to a blood vessel 
containing said circulating reservoir, said field being 
sufficient to cause release of said molecule from said 
reservoir. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0060] FIG. 1 is a schematic illustration of an excitable 
tissue connected to a non-excitatory signal providing device, 
in accordance with an exemplary embodiment of the inven- 
tion; 

[0061] FIG. 2 is a schematic box diagram of internal 
sub-components of the device of FIG. 1, in accordance with 
an exemplary embodiment of the invention; 

[0062] FIGS. 3A-3E illustrate various practices of elec- 
trode configuration and placement, in accordance with 
exemplary embodiments of the invention; 

[0063] FIG. 4 is a schematic illustration of a molecule 
provision apparatus, in accordance with an exemplary 
embodiment of the invention; 

[0064] FIG. 5 is a schematic showing of a catheter-based 
molecule provision configuration, in accordance with an 
exemplary embodiment of the invention; and 

[0065] FIG. 6 illustrates a vascular treatment device, in 
accordance with an exemplary embodiment of the invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0066] General Description of Exemplary Device 

[0067] FIG. 1 is a schematic illustration of an excitable 
tissue (e.g., a heart) 102 connected to a non-excitatory signal 
providing device 100 and showing various optional features 
of such a connection, in accordance with an exemplary 
embodiment of the invention. Although much of the follow- 
ing description focuses on the heart, the method sand 
devices can also be applied to non-cardiac excitable tissues, 
such as the uterus, the Gl tract (e.g. stomach, large and small 
intestines) or the bladder. Where specific cardiac structures 
are described, such as coronary vessels and the SA node, 
corresponding structures in the excitable structures may 
replace them. Some structures may have an inexact corre- 
spondence, for example, a pacemaker location in the uterus 
or other excitable tissue may move. Alternatively or addi- 
tionally, there may be no corresponding structure, for 
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example, do AV node n the bladder or multiple correspond- 
ing structures, such as the conduction points between sec- 
tions of the GI tract In some tissues, a stimulator, rather than 
a pacemaker, is used. 

[0068] In an exemplary embodiment of the invention, 
device 100 is operative to provide non-excitatory signals to 
the heart and/or otherwise control the heart, as a whole or in 
portions thereof. In an exemplary embodiment of the inven- 
tion, some or all of the non-excitatory signals generated by 
device 100 are used to transport a molecule into the heart 
tissue or surrounding tissues, in which tissues application of 
an electrical field migf* adversely affect the heart. One or 
more electrode leads 1M provide electricity from device 100 
to one or more electrodes 106. A pacer signal electrode 110 
may be used to pace the heart, possibly every beat, but 
optionally not at the same beats as the application of 
non-excitatory signals. A sensor 108 may be used to provide 
feedback to device lOion the effect of the signal and/or the 
transported molecule. 

[0069] The ability to use a non-excitatory signal rather 
than a standard pacing signal (a signal whose task is to 
generate a dependable initiation of a cardiac cycle) results in 
a much wider range of relevant molecules (e.g. heavy, large 
or less polarized molecules) and treatment possibilities. In 
particular embodiment of the invention, higher energies 
and/or longer transport pulses are used. The following table 
compares a typical pacemaker and a non-excitatory signal 
providing device in accordance with exemplary embodi- 
ments of the invention: 



Characteristic 



Pacemaker 



Non-cxciiatory device 



Field basis Vbltagp 

Amplitude 03-5 lfclts, 2 mA 

Duration 0.05-2 ms 

Effective impedance 500-1500 ohm 

Polarity Usually memo-phasic 

Waveform Usually decaying square 

pulse 

Electrode type mono- car bi- polar point 

electrode* 
Electrode Location Limited 



Current or voltage 
O.Ol^tO V, 0.01-150 mA 
1-1000 ms 

240-700 ohm, depends 
on electrode features. 
Arbitrary 
Arbitrary 

Arbitrary 

Arbitrary 



[0070] As a result of the freedom in choosing the field 
basis, various types of transport effects can be achieved, for 
example voltage based effects, current density based effects 
and/or charge based effects. 

[0071] The available current and voltage amplitudes make 
it easier to transport huge molecules, provide deep tissue 
iontophoresis or even elfectroporation. The available dura- 
tions complement the available amplitudes levels by allow- , 
ing a much longer transport time. The use of large electrodes 
and mesh electrodes, for example as described below, allows 1 
the local treatment of marry locations in the heart and/or the 
treatment or large areas of the heart, which is not possible 
using a standard pacing lead. Also, this can lower the 
impedance of the electrode. 

[0072] Various suitable structures and electrical fields are 
described in a series of PCT applications filed by Impulse 
Dynamics (previously NTC), now U.S. patent application 



Ser. Nos. 09/254,900, 09/254,902, 09/254,993 and 09/254, 
994, the disclosures of which are incorporated herein by 
reference. 

Exemplary Pulse Properties 

[0073] It is suggested in U.S. Pat. No. 5,865,787, an 
exemplary range for iontophoresis is between 200 Hz and 10 
MHz, for example between 2 and 15 kHz. However; in some 
embodiments, DC waveforms are used. Wave from genera- 
tors are described in U.S. patent application Ser. No. 08/110, 
109 and 07/957,209, both abandoned, the disclosures of 
which are incorporated herein by reference. With regard to 
electroporation, frequencies between 0.017 and 10 Hz are 
suggested. Vbltages between 100 and 10,000 vote are sug- 
gested, with electrodes between 0.5 and 10 cm apart. Pulse 
durations are suggested between 1 microsecond and 1 sec- 
ond, more typically 100 msec. It is noted, however, that by 
providing a non-excitatory field to counteract adverse 
affects, a wider range of fields and field parameters is 
available, so the above should be taken as only exemplary 
field parameters. 

[0074] Additionally, exemplary pulses and/or apparatus 
which may be useful can be found in U.S. patent application 
Ser. No. 08/129,252, now abandoned, U.S. PaL No. 5,634, 
899, No. 5,286,254, No. 5,087,243, No. 5,458^68, No. 
5,282,785 and No. 5,236,413, the disclosures of which are 
incorporated herein by reference. 

[0075] In general, the applied transport pulses may have a 
net zero charge flow or they may have a non-zero net charge 
flow, which may need to be compensated by an after- 
transport charge zeroing current, that balances out the charge 
emitted by the electrode. 

[0076] In some embodiments of the invention, the non- 
excitatory field is combined with an excitatory, portion, for 
example for pacing. 

[0077] Exemplary Molecules 

[0078] As will be appreciated from the mote detailed 
description below, a wide variety of molecules may be used 
for practicing various embodiments of the present invention 
For convenience, the following classification of types of 
relevant molecules is provided, but it is not to be construed 
as limiting the range of applicable materials. Many mol- 
ecules are known to be provided and/or transported using an 
electric filed, for example in the field of patch iontophoresis. 
It should be noted that a single molecule can belong to 
several of the classifications described below. Also, the type 
of transport method used may affect the behavior of the 
molecule and, hence, its classification. 

[0079] (a) Duration of effect. Some molecules have 
an extended effect, possibly even a permanent effect. 
In some cases, the duration is long enough that the 
heart adapts ("modeling"), whereby a desired effect 
of the molecule can be achieved. Other molecules 
have a transient effect, possibly as short as a single 
or a small number of beats. Exemplary molecules 
include Esmolol with a duration of —10 minutes and 
Adenosine with a duration of tens of seconds. These 
molecules also have a rapid response. 

[0080] (b) Rapidity of response. A differentiation 
should be made between effect on the heart as a 
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whole and effect on indrvifrial cells. Some molecules 
have an immediate effect on the heart, for example 
within a single or a few cardiac cycles, for example 
Adenosine in seconds, and Esmolol in minutes. 
Others, for example genes for providing ionic chan- 
nels and/or for changing conduction velocity, may 
have their main effect only after a considerable 
period of time. 

[0081] (c) Size of molecafcs. Molecules come in all 
size ranges. One impoitmt effect of the molecule 
size is its ease of entry nto a living cell. Another is 
the ease of transport by electrophoresis. An example 
of a small molecule is nitroglycerin. An example of 
a large molecule is a DNA anti-sense molecule. 

[0082] (d) Polarization. Ha degree of polarization of 
a molecule affects not aafi? its solubility and ability 
to enter cells but also thcOype of electric field which 
can most efficiently tansport it. Using stronger 
fields, various pulse enrdbpes, various frequencies 
and/or longer pulse durations supports the transport 
of molecules that are otherwise difficult to transport. 

[0083] (e) Existence of hydrophobic and hydrophilic 
moieties. Such moieties affect the behavior of a 
molecule during transport! and during entry into a 
cell. 

[0084] (f) Ability to self transport into cells. Some 
molecules, such as viruses and liposomes can more 
readily insert themselves into cells than raw DNA- 

[0085] (g) Type of adwse effect on cell. Some 
molecules adversely affect some types of cardiac 
cells, for example killing or disabling them. Other 
molecules only affect sane functions of the cell, for 
example their electrical activity, without affecting 
other functions, such as Cfreir basic metabolism or 
life expectancy. In a paitknlar example, ion channels 
(provided directly or gpnts for ion channels pro- 
vided) can modulate electrical activity and/or cause 
metabolic changes. Tbiscam result in death for some 
cells and in a cure for other cells. Specifically, 
increased population of mtmbrane potassium chan- 
nels can shorten action potential, lower membrane 
potential and/or change ffte refractory periods of a 
cell. 

[0086] (h) Drug combinations. Instead of transport- 
ing only a single moleoik^ multiple molecules may 
be transported, possibly tftrough different means. If 
the effect of the two molecules together is different 
from that of the individual molecules, in type and/or 
amplitude, better targeting of portions of the heart 
can be achieved, for exanple by providing the two 
molecules so they only nCersect in one area of the 
heart. 

[0087] (i) Drug vs. non-dmgs. Although many of the 
suitable molecules are dmgs> other molecules may 
also find use, for exampfc signaling molecules, such 
as hormones, cytokines aid/or paracrinic signals/ 
hormones, both natural and! synthetic. Additionally 
or alternatively, various tygss of genetic-related mol- 
ecules may be used. Afcnmatively or additionally, 
membrane proteins, such as- voltage gated channels 
may be used. Alternatively or additionally, structural 



proteins, such as act in, may be used. Alternatively or 
additionally, housekeeping proteins, such as Ubiq- 
uitin, may be used. Alternatively or additionally, 
solutes, such as glucose, cAMP, AMP, ADP, ATP and 
metal salts may be used. 

[0088] (j) Protection of molecules. Although drugs 
and other molecules may be transported in a raw 
state, in some cases, the drugs may be protected 
against interaction with the blood, extra-cellular liq- 
uids, cell membranes and/or other materials which 
intervene between the drug source and its target. 
Such protection may take the form of encapsulation, 
for example in liposomes or incorporation, for 
example by caging into polyester gels. 

[0089] (k) Association for transport. In some cases, 
the molecules may be associated with other materi- 
als, to assist in transport or in the entry into cells 
and/or nucleus of cells. In one example, a drug may 
be adsorbed to a pellet, which pellet is more easily 
transported by the fields. In another example, the 
molecule is incorporated in a virus. 

[0090] (1) Genetic material. As will be described 
below, a particular desirable class of molecules is 
gene-related molecules, such as DNA, RNA, 
mRNA, etc., anti-sense molecules and proteins that 
affect transcription. 

[0091] (m) Microorganisms. In some cases, it may be 
desirable to insert complete or semi-complete micro- 
organisms or cell components into living cells, for 
example mitochondria, viruses or plasmids. 

[0092] As can be appreciated, the molecule may interact in 
a beneficial, neutral or adverse manner with one or more of 
the transport method, the provision method, the cardiac 
sensitivity (e.g., to electrical fields and certain molecules) 
and/or the instantaneous activity of the heart. These effects 
(if negative) may be overcome or enhanced, in some 
embodiments of the invention, by suitable varying of the 
transport method and of the molecule properties, for 
example as classified above. 

[0093] Gene Therapy 

[0094] In an exemplary embodiment of the invention, 
electroporation techniques are used to provide gene therapy 
to the. heart. In gene therapy, genetic material or a carrier 
thereof, such as plasmids, artificial chromosomes or viruses 
particles are provided into a cell. Examples of suitable 
genetic material include, anti-sense DNA, RNA and poly- 
peptides to block the expression of genes which have an 
undesirable effect. In another example, tagging material is 
inserted to the cell, to serve as a trigger for more complex 
activity. In one example, regeneration of particular cells is 
achieved by tagging cells using a genetic marker. A second 
therapy is applied systemically but is only taken up or only 
triggers the tagged cells. The provided genetic material may 
be used for various purposes, including, for example modi- 
fying the cell genotype, curing a genetic defect or a viral 
disease, causing a cell to differentiate in a desired manner or 
changing the function of a cell, such as changing the 
conduction velocity, action potential profile and/or leakage 
current characteristics of the cell. 

[0095] In a paper in Nature 1999, September 23; 401 
(6751) pp390-394, the disclosure of which is incorporated 
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herein by reference, Mulligan R C, et aL describe a mecha- 
nism for targeting stem cells to where fey are required in 
the body. It is believed such stem ccOs are targeted by a 
localized inflammation process, which process may be arti- 
ficially and locally induced using a sutable molecule in 
accordance with an exemplary embodiment of the invention. 

[0096] A particular aspect of some types of genetic 
therapy (and also of some drugs) is that the cell's behavior 
is modified. As a result, the cell may afiect other, neighbor- 
ing, cells, for example by creating cocoes of the genetic 
material (e.g., virus) or by extruding hormones and other 
cellular-communication chemicals. 

[0097] In another example, tissues near clogged arteries 
are genetically modified, for example with a plasmid, to 
generate an anti-coagulant, a clot dissxfcer or a vascular 
dilator. These materials are optionally provided locally in a 
therapeutic concentration, so that they are diluted in the 
general blood stream. Alternatively or additionally, these 
materials only reach active concentrations and/or required 
activity times if the blood volume flow Bceduced relative to 
normal blood vessels. 

[0098] In another example, the heart as a whole is affected 
by the treatment of a small set of cells, For example, cells 
can be treated to include more calcium or sodium channels, 
thereby causing the treated cells to bum a pacing loci. 
Depending on the type of treatment (e.&» plasmids, viruses 
or channel proteins), the effect may vary as duration, thereby 
allowing different pacing locations to be chosen. 

[0099] Device Components 

[0100] Apparatus suitable for performmg (or being modi- 
fied to perform) the function of device 100 of generating 
non-excitatory signals are described, far example in PCT 
application PCT/IL97/0O012, and PCT publications WO 
99/03533 and WO 00/53257, the disclosure of which is 
incorporated herein by reference. 

[0101] FIG. 2 is a box diagram of exemplary sub-com- 
ponents of an exemplary device 100, in accordance with an 
exemplary embodiment of the invention Although many 
possible sub-components are shown, souk embodiments do 
not require all of the sub components, for example, some 
embodiments do not include watchdogs or programming 
input. For clarity, connecting lines between the sub-compo- 
nents are not shown. 

[0102] The non-excitatory signals are generated by a sig- 
nal generator 132 and outputted to the electrodes via an 
output coupler 140. The power for driving the output signals 
may be provided directly from a power sources 120, or, more 
typically, using a capacitor bank 126 to accumulate power. 
In a device that includes a pacing feature, some or all of 
these elements may be optionally shared between the pace- 
maker and the non-excitatory signal pathways. 

[0103] A CPU 122 is optionally provufctito control device 
100. A clock source 128 may be used to maintain an internal 
clock. 

[0104] In an exemplary embodiment of the invention, 
CPU 122 uses a state-machine model of tfee heart to assess 
if the heart is operating as expected andjbnr to determine the 
possible timing of non-excitatory pulses, especially for drug 
transport. Alternatively or additionally, cfier state-machine 
models may be used. Alternatively, a ion-state machine 



model is used. Various types of models are described in 
"Design of Cardiac Pacemakers", ed. John G. Webster, 
1995, by the Institute of Electrical and Electronics Engi- 
neers, Inc., New York, N.Y., the disclosure of which is 
incorporated herein by reference. 

[0105] In an exemplary embodiment of the invention, 
CPU 122 utilizes sensor data from a sensor input 130, in 
determine application parameters. Although only a single 
sensor is shown, in some devices, more than one sensor is 
used. Optionally, device 100 includes a memory 134 for 
storing programming instructions, applied sequences and/or 
statistics and/or fill data of the response of the heart at 
various times. 

[0106] In an exemplary embodiment of the invention, a 
programming input 136, preferably wireless, but optionally 
wired, is provided to allow programming the device, for 
example using RF, ultrasound or magnets. Alternatively or 
additionally, a feedback output 138 is provided for present- 
ing information from device 100 to an external programmer 
or user. A particular use of the programming features is to 
assist in setting and modifying treatment regimes and/or 
adjusting existing regimes to take into account observations 
by a treating physician. Another use is allowing a patient to 
be treated at home and report by remote means, such as a 
telephone, the actual treatment and/or its effect. The setting 
of treatment parameters may also be by remote means. 
Another possible use of output 138 (and programming input 
136) is for receiving feedback from the patient. 

[0107] In an exemplary embodiment of the invention, the 
user of the device can activate device 100, using a handheld 
remote controller, which may optionally also beam energy, 
for example using RF radiation. Alternatively or addition- 
ally, the remote control may include activation logic for the 
device. A single remote controller can activate multiple 
devices, for example one or more of, a non-excitatory signal 
controller, a pacemaker, a drug targeting electric field (e.g., 
device 100) and a drug reservoir, to achieve a desired 
treatment effect In an exemplary embodiment of the inven- 
tion, the user activates device 100 in response to pain, for 
example, to. release blood vessel dilating molecules in 
response to angina pectoris or to inhibit premature uterine 
contractions. - 

[0108] In an exemplary embodiment of the invention, 
device 100 includes one or more watchdogs 124. Two types 
of watchdogs! may be utilized in an exemplary embodiment 
of the invention. A first type of watchdog watches over the 
device itself, to assure that it is working within the opera- 
tional parameters defined for it. For example, two processors 
run concurrently, and if one is not responding, the other one 
generates an alert. A second type of watchdog watches over 
the heart, to assure that the heart does not, as a result of the 
treatment, exceed operational and/or functional parameters 
defined for the heart's activity. In one example, the watch- 
dog checks to see if the heart is acting differently after the 
transport pulse. Alternatively or additionally, the watchdog 
searches for particular tattletale signals of damage more 
likely to be caused by the treatment, for example, a certain 
type of arrhythmia in an pro-arrhythmic drug treatment or 
VT caused by, the transport pulse. The damage and/or danger 
may be immediate, for example the detection of an injury 
current or of VT. Alternatively or additionally, the damage or 
danger detected may be longer term, for example, if the 



US 2002/0183686 Al 



8 



Dec. 5, 2002 



treatment causes a forced relaxation of part of tbe heart, 
which relaxation may cause hypertrophy or an aneurysm. A 
separate feedback loop may be provided to detect if the 
treatment is having a desired effect, for example a desired 
remodeling of cardiac tissue. Optionally, the watchdog is 
implemented as a separate processor and/or sensor. Alter- 
natively, the watchdog comprises separate software. 

[0109] The output of the watchdogs may include, for 
example, output to tbe patient, to a remote service center 
and/or may include a changing nx the device parameters, for 
example to stop or modify Ifae treatment or to provide 
symptom countering treatment, such as blocking of unde- 
sirable action potentials of transport of a different molecule. 

[0110] In an exemplary embodiment of tbe invention, 
device 100 is implantable. Thes> device 100 is optionally 
encased in a small capsule, to be implanted in the chest or 
the stomach of the patient Device 100 may be integrated 
with a pacemaker or it may be a separate entity. 

[01U] Alternatively, device 100 is external. The elec- 
trodes are optionally internal, cptionally reaching the heart 
cither via a catheter inserted in fee blood stream or via a hole 
in the skin, for example to effect a near-by vessel or part of 
the heart. The molecules may be provided using the same 
catheter or in a tube alongside toe electrodes. Alternatively, 
other molecule provision method^ for example as described 
below, may be used. 

[0112] Alternatively, the eledcodes may be external to the 
body, for example as used in some external pacemakers. 
Various electrode schemes maty be used, including, two 
large, two small, one large and many small, an array, 
electrodes) in lungs and/or electrode(s) in esophagus. 
Optionally, the electrification of the electrodes matches the 
heart's position and/or global «nr local refractory state. 

[0113] In an exemplary embodiment of the invention, an 
external device is used for a short-term treatment, such as for 
gene therapy, for recovery from surgery or for recovery from 
a serious arrhythmia or acute ischemic event. Alternatively, 
an implanted device may be tssd for medium term treat- 
ment. Alternatively, a previously implanted device may be 
reprogrammed to apply a Don-excitatory pulse as described 
herein. In some embodiments of the invention, only the 
electrodes are implanted and wndess. The rest of the device 
is external and is used to power aod drive the electrodes, for 
example using RF radiation. 

[0114] Alternatively or addEftbnally, the functionality 
described herein may be integr^td with a different device, 
for example, a stent. In one exemplary application, a stent 
applies non-excitatory pulses to transport an anti-re-occlu- 
sion drug into the blood vessel walls. The drug may be 
provided in many ways, including, for example, from the 
blood stream, from a reservoir off the stent or from a catheter. 

[0115] In an exemplary embariEment of the invention, the 
device is a dedicated device. Alternatively, however, some 
or all of tbe functionality may be achieved using a modified 
pacemaker, in which substantially only the programming 
and/or electrodes are modified. The suitability of existing 
pacemaker circuitry and/or power supplies may depend, for 
example, on the effect desiied (e.g., electroporation or 
iontophoresis) and on the mafccule size, polarity and/or 
other properties, such as protective enclosure. 



[0116] In one embodiment of the invention, device 100 
comprises a kit of two devices, one for providing the 
electrical fields and one for providing the molecule. Either 
or both of the devices may be implantable, external, partially 
implanted or transvascular. A drug source controller 142 is 
optionally provided in device 100 to control the provision of 
molecules. Alternatively, a third device, such as an external 
or implanted controller (not shown), synchronizes the opera- 
tion of the two devices. 

[0117] Alternatively, one device is used for transporting 
the molecule and another device is used for pacing or 
non-excitatory control (molecule provision can be by either 
of the devices or using a separate device). In this embodi- 
ment, the other device can be used to counteract adverse 
effects of the transport and/or the applied molecules. In an 
exemplary embodiment of the invention, tbe two devices 
can communicate, for example using a wireless link, such as 
an ultrasonic link or a wired link, such as a fiber optic cable. 

[0118] Electrodes 

[0119] FIGS. 3A-3E illustrate various practices of elec- 
trode configuration and placement, in accordance with 
exemplary embodiments of the invention. The type of elec- 
trode can be an important factor in determining the strength 
and distribution of the electric field. By changing the type 
and shape of the electrode, different types of transport may 
be effected. In addition, the depth of penetration and spatial 
distribution of the molecule into the cardiac tissue is 
affected, not only by the electrification of the electrode but 
also by the shape of the electrode. Tbe placement of the 
electrodes determines which part of the heart is affected and, 
together with a suitable selection of electrode type and 
shape, allows localized treatment of specific portions of the 
heart, such as the SA node. In addition, certain multi- 
electrode types, such as mesh electrodes or electrode arrays, 
provide a greater temporal and spatial control of tbe electric 
field 

[0120] Although the electrodes may be placed anywhere 
on tbe heart (e.g~, inside the muscle, inside blood vessels or 
inside the heart), in some embodiments of the invention, the 
electrodes are placed at an arterial entrance, an area of 
infraction, at an ectopy site, near a block or an AV node, 
inside or at a border of a scar and/or at the nervous plexus. 

[0121] FIG. 3A illustrates the placement of a point elec- 
trode 160 on a cardiac segment 150. In a point electrode the 
strongest part of the electric field is in a close proximity to 
the electrode, indicated by a dotted line 162. If a bi-polar 
electrode is used, tbe localization of the field is even greater, 
being mainly between the two electrodes. Alternatively, a 
common return electrode may be used, for example a casing 
of device 100 or a second electrode attached to a substan- 
tially remote portion of the heart. Various tip shapes may be 
provided, for example, solid or meshwork balls, multi- 
fingered tips, spirals and/or a barb. 

[0122] FIG. 3B illustrates the placement of a lint elec- 
trode 164 on cardiac segment 150. A simplest type 'of line 
electrode has contacts along its length, as shown. Alterna- 
tively, a line electrode may comprise a plurality of spaced 
apart point electrodes which may be electrified in parallel or 
possibly in various orders, as a linear array. A region 166 
affected by electrode 166 is substantially larger than that of 
a point electrode. This can be used to apply a molecule to a 
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larger portion of the heart or even to create a "fence" by 
applying a desensitizing drug along the electrode. In some 
embodiments of the invention, such a line electrode is 
curved. 

[0123] FIG- 3C illustrates the deployment of a pair of line 
electrodes 168 and 170. The ifected area (in which there is 
a significant electric field) is marked by a dotted line as 172. 
The two electrodes may be ekdrified with a same polarity 
or with opposing polarities, Additionally, if one or both lines 
comprises a linear array of point electrodes, these point 
electrodes may be scanned in synchrony or not. The size and 
shape of affected area 172 is dependent on the type of 
electrification. For example, if the two electrodes are elec- 
trified with different voltages* there will typically be very 
small field outside of the electrodes, which may, in some 
embodiments, prevent the molecules from being transported 
outside of the electrified area. 

[0124] FIG. 3D illustrates a mesh electrode 174 having a 
plurality of vertexes 176. In one embodiment, the entire 
mesh is electrified as a single element. In another embodi- 
ment, only the vertexes (or other segregated section of the 
mesh) are electrified (e.g., an nay). In another embodiment, 
at least some of the vertexes can be selectively electrified. 
One advantage of selectively electrifying mesh (or line) 
vertexes in an electrode array is that there is finer control 
over the shape, location and kfensity of the field and this 
control can be exerted in real-time, without requiring move- 
ment of the electrodes. One use of such control is for 
modifying the transport field to effect a certain transport 
effect, for example as defined below, for adapting a pre- 
conceived electrification protocol to a particular heart and/or 
situation and/or to match the actual or expected propagation 
of the molecule in the heart. Alternatively or additionally, 
such control may be used to match the propagation of 
electrical waves in the heart or to match changes in the 
contractile state of cardiac muscle. In one embodiment, 
these states are estimated using a model. Alternatively, these 
states may be measured using suitable sensors. 

[0125] In a particular embodiment of the invention, the 
molecule is provided at a mesfo electrode. Optionally, the 
mesh electrode is electrified n at manner which distributes 
the molecules in a desired manner, for example electrifying 
pairs of vertexes in the mesh such that each such pair defines 
a different transport vector, for example all the electrification 
pairs sharing a common electrode. Alternatively or addition- 
ally, the timing, amplitude and/or other electrification 
parameters are different for eadi electrode pair, taking into 
account, for example the different average activation times 
of the heart and/or the instantaneous different activation 
time. Such an instantaneous activation time may be detected, 
for example, using the mesh electrodes as sensors or by 
providing dedicated sensors. 

[0126] FIG. 3E illustrates the use of a plate electrode 178. 
Such a plate may have apertures (not shown) formed in it, 
so it is not completely solid. In an exemplary embodiment 
of the invention, electrode 178 may serve as a reservoir, for 
example including a suitable matrix encapsulating the mol- 
ecule, or having an inner volume, for example enclosed by 
an electrically permeable membrane. 

[0127] The electrode configurations of FIGS. 3A-3E may 
be applied outside of the heart muscle, inside the heart 
muscle or on the inside of the heart Additionally, when 



using electrode pairs, one may be inside the heart tissue and 
one outside the heart tissue. Alternatively or additionally, at 
least one of the electrodes may be floating inside the heart. 
In some embodiments, the electrodes are coated with a layer 
of material to retard clotting. 

[0128] Molecule Source 

[0129] The molecules may be provided in various man- 
ners; for example as described below. Two main types of 
provision should be differentiated, localized provision and 
systemic provision. In localized provision methods, the 
concentration of the supplied molecule is significant only at 
or about the treatment area. One possible advantage of this 
type of provision is that effects on other body portions are 
reduced. Another possible advantage is that a smaller 
amount of molecule may be used. Another possible advan- 
tage is that a higher concentration of molecule can be 
realized at the treatment zone. 

[0130] In systemic provision methods, one possible 
advantage is that there is no need to provide a molecule at 
precise temporal and/or spatial coordinates. Rather, the 
electrical transport effect is used to locally increase the 
effectiveness of the molecule, by transporting it to the tissue 
to be affected, for example from the blood stream. 

[0131] One method of localized molecule provision is in 
association with one of the electrodes of the device 100. 
FIG. 4 is a schematic illustration of a molecule provision 
apparatus in accordance with an exemplary embodiment of 
the invention. A lead 180 has at its end an electrode 182, for 
applying a non-excitatory electric field to a heart segment 
150 and a drug-e luting portion 184. In one embodiment, lead 
180 is a hollow tube which caries the molecule from a 
reservoir inside device 100 (not shown). Such a reservoir is 
amenable to replenishment, for example as known in the art 
of replenishing implanted medication pumps. Alternatively, 
lead 180 itself may serve as a reservoir. In one example, lead 
180 is a hollow tube which caries the molecule from a 
reservoir inside device 100 (not shown). Such a reservoir is 
more amenable for replenishment, for example as known in 
the art of replenishing implanted medication pumps. Alter- 
natively, lead 180 itself may serve as a reservoir. In one 
example, lead 180 is hollow and filled with a liquid medi- 
cament. In another example, the medicament is solid and is 
dissolved by body fluids only at the distal end thereof. In 
another example, a molecule is constrained in a gel matrix 
inserted inside lead 180. In some embodiments, an electric 
field is used to advance the molecules along the lead, for 
example as described in U.S. Pat. No. 5,865,787. i n general, 
a reservoir may be useful where local provision of a mol- 
ecule is desirable. 

[0132] Alternatively or additionally, tip 184 may be 
porous, allowing the molecules to slowly diffuse out. 

[0133] In an exemplary embodiment of the invention, an 
electric field applied by electrode 182 is used to elute the 
molecule from tip 184. lip 184 may be, for example, 
between electrode 182 and the heart, on an opposite side of 
the heart from the electrode or side by side with it Addi- 
tionally, one or both of electrode 182 and tip 184 may be 
inserted into the cardiac tissue. A same field may be used for 
eluting and for transport or a different field may be used. 
Alternatively or additionally, one or more additional elec- 
trodes 184 may be used to assist in the eluting. PCT 
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publication WO 98/15317 describes a limited range of 
possibilities for selectively eluting molecules from a drog- 
e luting tip. In exemplary embodiments of the instant inven- 
tion, the freedom of electrode shape, charge polarity, charge 
amplitude, charge duration, charge location and waveform 
allow a much wider range of methods to be practiced. As a 
result, it is possible to selectively elute one of several 
molecules which are stored in one or more reservoirs about 
tip 184. In ode example, the polarity of the field detenmnes 
the polarity off molecule e hi ted. In another example, the field 
amplitude determines what size molecule is transported 
and/or opens pores in a barrier material between the mol- 
ecule reservoir and the outside of the tip. In another 
example, molecules with dipole charges may be selected by 
applying a sntable elution frequency. Alternatively, non- 
electrical tmsport methods are used to free the molecules* 
for example, operating pumps or openings in a reservoir. 

[0134] FEGL 5 is a schematic showing of a catheter-based 
molecule provision configuration, in accordance with an 
exemplary embodiment of the invention. A catheter 188 is- 
used to provide the desired molecule from outside of the 
body, to its dp in a vicinity of electrode 192. Alternatively 
or additional^ the catheter may be drug eluting over a 
portion of its length. The molecules may be provided at a 
location from which they are advanced away from the 
electrode. Alternatively, the molecules may be attracted 
towards the electrode. Alternatively or additionally, the 
electrodes any; be electrified to prevent the advance of the 
molecules in an. undesired direction. 

[0135] Alternatively to providing the molecules locally to 
electrode 1*2* the molecules may be provided into a vas- 
cular bed of the area adjacent electrode 192, for example 
into a main coronary artery. In an exemplary embodiment of 
the invention, the application of the electrical field is timed 
to match the arrival of the molecule bolus. Alternatively or 
additionally, the provision of the molecule is over an 
extended period: 

[0136] In *EB exemplary embodiment of the invention, the 
application of the electrical field (and/or localized molecule 
provision) is tamed to when blood Mow is slow, to avoid 
dissipation of me molecule. Alternatively or additionally, tip 
190 may block the flow of blood, optionally temporarily, for 
example using an inflatable balloon collar. Alternatively, a 
double collar catheter having two spaced apart collars and a 
hollow lumen, may be used to block flow to only a portion 
of a vessel, while providing a molecule to the blocked off 
area and allowing the flow of blood to by-pass through the 
lumen of the catheter. Alternatively, tip 190 may be pressed 
against the tissue to be treated, optionally in the direction of 
the field, so that the molecule can only advance through the 
tissue and not into the blood flow. Alternatively or addition- 
ally, a local electric field may be applied to reduce or 
increase blood flow, for example by relaxing or contracting 
the blood vessel muscles. Such relaxation may also assist in 
the penetration of the molecule through or into the vessel 
walls. ; 

[0137] The tmung of the application of the electric field 
may take into account a model of propagating of blood in a 
heart in general and/or in the particular treated heart Such 
a model may be derived, for example, from radiological 
studies of the propagation of radio-opaque dyes in the 
coronary vessels. 



[0138] Alternatively or additionally, tip 190 injects the 
molecule directly into tissue. Such injection may be 
achieved by providing a sharp tip at tip 190 or by the catheter 
exiting the blood flow or being provided not through the 
vascular system, for example through tissue or along body 
lumens such as the lungs or the GI tract. 

[0139] Electrode 192 may be implanted by a catheter that 
may also be provided from outside the body. In one exem- 
plary embodiment of the invention, the catheter and elec- 
trode are combine in a single invasive device. This device 
may be inserted into the body and brought to a desired 
treatment location, for example the apex of the heart. Then, 
a molecule is eluted (optionally at the electrode) and an 
electric field applied to treat the region. A bipolar electrode 
may be used or the second electrode may be provided 
outside the body, or inside, for example using a second 
catheter, between which catheters a transport electric field 
and/or a heart control electric field are applied. Optionally, 
the tip of the catheter inside the body includes a grasping 
device for attaching to a portion of a tissue adjacent the 
treatment area. Such a catheter optionally includes a sensor 
for sensing local activity of the heart or is controlled (e.g., 
field application and/or molecule provision) using an exter- 
nal sensor, such as a 12-lead EKG sensor. Possibly, the 
catheter elutes a molecule along a portion of its length, 
allowing, for example, a length of a coronary vessel to be 
treated. Different molecules or concentrations of molecules 
may be eluted at different points along the catheter. 

[0140] The combined catheter-electrode may be provided 
via the vascular system. Alternatively, an endoscopic or 
throactoscopic approach may be used. Such a device may be 
used for relatively chronic treatment, for example one treat- 
ment a week after a coronary event. Alternatively, the device 
may be used for acute treatment, for example to provide a 
drug to a portion of the heart during cardiac surgery. 

[0141] Another method of localized provision of a mol- 
ecule is by injecting it into the heart using a syringe (from 
outside the body). Optionally, the entry and retraction of the 
syringe are controlled using a spring-loaded device, so that 
contact with the heart is during a non-excitable portion of the 
cardiac cycle, to prevent arrhythmia. 

[0142] Many systemic molecule application methods are 
known and may be used with various embodiments of the 
invention, including drip-feeding into a vein, catheterization 
into the right atrium, ingestion, inhalation and intra-vascular 
or intramuscular injection. 

[0143] In an exemplary embodiment of the invention, 
device 100 includes a data input port for indicating when a 
drug is injected or otherwise provided into the user, so that 
the application of the non-excitatory signal can be timed to 
when the drug (or other molecule) is available at the 
electrodes. Such an input may be provided for example 
using a magnet or an RF field. 

[0144] Transport and Selectivity 

[0145] The non-excitatory pulse used for transporting the 
molecule may be a separate pulse from that used for a 
non-excitatory based treatment, it may be a combined trans- 
port-treatment pulse or it may be a same pulse which has 
both a treatment effect and a transport effect. Possibly, a 
molecule may be selected or adapted for treatment by it 
matching available pulse forms or pulses which have a 
known therapeutic effect. 
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[0146] As described above, the transport mechanism may 
be that of removing the molecule from a reservoir using an 
electric field Thereafter, the rnafecule can diffuse into the 
adjacent tissue (or wherever the Mood caries it) or an active 
transport (e.g., an electric field) into adjacent tissue may be 
used. 

[0147] Two types of transport can be differentiated, trans- 
port into tissue and transport into cells. Transport into tissue 
can be, for example, iontophoresis*. Alternatively, uncharged 
molecules, for example those witft a dipole charge may be 
used. Alternatively or additional^ the application of the 
electric field may make the tissue more porous to the 
diffusion of the molecule. 

[0148] In one exemplary embodiment, of the invention 
two or more of the above transport mechanisms are used 
together. For example, electropuation into the cardiac cells 
themselves may be used instead of or in addition to ionto- 
phoresis, for example, iontophoKas to advance a drug into 
the cardiac tissue and then elecunporation to insert the drug 
into the cells. The two mechanisms may optionally be 
applied in separate cardiac cycks. 

[0149] Various types of selectivity may be achieved, 
besides selectivity of the transported molecule, described 
above. In one example, the iontophoresis of a molecule is 
affected by the tissue through wfamh the molecule travels. In 
another example, the field strength used for electroporation 
is selected to affect only certain types of tissue, for example 
based on their taxonomy (muscle ^s. nerve cells) or based on 
their health. 

[0150] It should be noted mat the molecules may be 
transported during any part of tike cardiac cycle, to take 
advantage of (or avoid) particufar electrochemical and/or 
physiological conditions. Alternatively or additionally, a 
molecule may be selectively provided and/or transported so 
that it is available at the cells when their channels in the cell 
membrane open as part of the canffiac cycle. Such a molecule 
may be transported through the cfoannel or it may be used to 
block the channel or to maintain it open for longer periods. 
Alternatively or additionally, a transport pulse may be 
provided to maintain the channefc open for longer periods 
(or close them), for example to provide a desirable bio- 
chemical state in the cell with which the molecule can 
interact or to allow the molecule to* enter through the open 
channel. The exact electrification parameters may need to be 
determined for a particular pauofU tissue type and/or tissue 
health state. 

[0151] It should be appreciated tfrat diffusion of drugs and 
other molecules in the heart may foe enhanced by diffusion 
between cardiac muscle cell grams, in which groups, the 
cell-ends are fused together. Alternatively or additionally, 
the transport may be affected by the fiber direction and/or 
other macro-cellular structures. Tfasse effects can be used to 
selectively diffuse molecules along a direction. Also, these 
variation in tissue characteristics amy affect a desired elec- 
tric field to be used for transport between and/or into cells. 
In an exemplary application, ao electric field is used to 
transport a molecule into endocardial trabecula, while they 
are being filled. Then when they contract and force blood 
into the surrounding cardiac tissue, the transport is 
enhanced. Optionally, a second electric field is timed to the 
contraction. 

[0152] Alternatively or additionally, the transport of mol- 
ecules may take into account the variations in muscle tone 



over the cardiac cycle. Thus, an increased field may be 
required while the muscle is tense. Alternatively, the trans- 
port is selectively applied while the muscle is relaxed, to 
increase the depth of penetration of the molecule. Alterna- 
tively, the transport is applied when the muscle is tense, to 
assure a shallower penetration, 

[0153] In an exemplary embodiment of the invention, a 
multi-beat transport scheme is used, in which a molecule is 
transported to an area to be treated by a transport process 
which is longer than one beat. In one example, a molecule 
may be transported 1 mm each heart beat, for a total of five 
beats, to achieve a penetration depth of 5 mm. 

[0154] Type of Control 

[0155] The control exerted on the heart using the mol- 
ecules and/or a non-excitatory electric field can be of various 
types. Three particular types of control which may be 
desirously achieved are global control, local control and 
global control using local interactions. 

[0156] In an example of global control, a gene may be 
provided to the entire heart, to correct a disease causing 
mutation in a particular patient. 

[0157] In an example of local control, a drug may be 
provided to an infracted area to promote healing or prevent 
further damage. 

[0158] In an example of global control mediated by local 
interactions, control of the SA node, of the AV node or of a 
particular conduction pathway may be used to affect the 
activation of the heart as a whole. 

[0159] It should be noted that the fastest action potential 
conduction in the heart is near the surface of the inside of the 
ventricles. Controlling the conduction velocity in this area 
provides an opportunity to affect the activation of large 
sections of the heart This area is also somewhat more 
accessible to some electrically based transport techniques, 
since a drug can be applied directly to the inside of the heart. 

[0160] As described above, with reference to molecule 
provision, the type of interaction of the molecule with the 
heart may depend on cellular or on cardiac processes, for 
example, a drug may be provided to coincide with the high 
levels of availability of free calcium. Alternatively, a mol- 
ecule may be provided so that it is available over a longer 
period of time, such as an entire beat or several heart beats. 
Exemplary periods of time for a molecule to be available are 
0.1, 1, 10, 100 or 1000 seconds, e.g., in some cases sub- 
stantially permanently. The duration of the molecule effect, 
which may be divorced for the duration of availability may 
be, for example, 1, 10, 100 or 100 seconds, e.g., in some 
cases substantially permanent. Some types of long cardiac- 
related cycles include the circadian rhythm exercise-rest 
cycles and the application of molecules to the heart to 
permanently change the shape and/or activation of the heart. 
In an exemplary application, electric fields are used to 
stimulate angiogenesis and a stimulating molecule, such as 
VEGF is also provided to enhance the angiogenesis effect. 
The molecule (and transport field) may be applied every beat 
or only every few beats. In some embodiments of the 
invention, a single transport event continues over several 
beats or has the duration of several beats, for example with 
the local tissue being desensitized so it does oot contract. 
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[0161] In ao exemplary embodiment of the invention, 
selective molecule providing is used to control the heart 
locally and/or for temporally short periods, such as seconds 
or tens of seconds. This effect is achieved by selectively 
transporting fast acting drugs to target tissues, in short times 
and without substantially providing the drugs to nearby 
tissues. Alternatively or additionally, this affect is achieved 
by electrically (or using suitable eluted pharmaceuticals) 
de-sensitizing neighboring tissue from responding to the 
drugs. 

[0162] Interaction Between Device and Excitable Tissue, 
Other Than Transport 

[0163] The interaction between device 100 and the mol- 
ecule may extend beyond transport. For example, one or 
more of the following effects can be achieved instead of or 
in addition to transport: 

[0164] (a) Device 100 applies fields that counteract or 
avoid negative effects of the molecule. As a result, 
moleatles with a higher toxicity may be used, used 
at a higher dosage and/or used in a less rigidly 
monitored situation. In one example, device 100 
applies fencing or tissue desensitizing fields, as 
described in some of the above applications, to 
prevent propagation of undesirable activation poten- 
tials in the heart. In another example, device 100 
applied fields which reduce conduction velocity in 
tissue whose conduction velocity is undesirably 
increased by the provision of a drug. Alternatively, 
the molecule may serve to prevent or counteract an 
adverse effect of the non-excitatory control pulse. 

[0165] (b) The molecule may be provided to avoid or 
counteract negative effects of the applied fields. The 
fields in question may be excitatory or non-excita- 
tory. Id one example, a molecule is provided to 
prevent or counteract edge effects at the fringes of 
applied non-excitatory fields. 

[0166] (c) Device 100 applies fields that synergisti- 
cally interact with the molecule. In one example, 
each off the molecule and the field work to increase 
cardiac contractility, and the combination is syner- 
getic. One such exemplary molecule is caffeine. 
Another example of synergistic interaction is pro- 
vided by Dobutamine (an example of an adrenergic 
agonist): 

[0167] (d) Device 100 applies fields which prepare a 
portion of the heart for an applied molecule. Such 
preparation may include, for example, relaxation to 
allow better transport by an electric field, or without 
one. Another example is prevention or provision of 
blood flow to a portion of the heart, by manipulation 
the cardiac activation profile, Thus, a transport- 
related electric field may be applied before any 
molecule is provided. Another example of prepara- 
tion is keeping a segment of the heart from contract- 
ing so that it has more available energy to respond to 
a drug. In another example, the electric fields may be 
applied to extend the duration of a cardiac cycle, to 
allow more time for transport of a molecule between 
beats or to allow more time for the molecule to take 
effect In another example, a blood vessel wall is 
stimulated or relaxed to assist or otherwise modulate 



the transport through the vessel wall. Such control is 
especially useful for preventing the transport of a 
molecule in an undesired vector. The transport 
related field may be applied near the location of the 
transport filed or at a remote location. For example, 
a field that dilates or contracts blood vessels may be 
applied to control the flow of blood through the area 
being treated or the molecule provision area. In some 
embodiments of the invention, vascular control is 
provided independent of transport pulses and/or mol- 
ecule provision. 

[0168] (e) Device 100 apphes fields, which by them- 
selves do not interact with the molecules, but, as part 
of a complete control scheme, both these fields and 
the molecule act together to effect a desired control 
of the heart. In one example, a drug may be used to 
reduce overall conduction velocity in a ventricle, 
while an electric field is applied to increase the 
velocity at a certain location in the ventricle. In 
another example, a locally provided molecule is used 
to stimulate angiogenesis, while an electric field is 
used to reduce the work performed by the treated 
tissue, to allow it to receive and/or have available 
energy for the angiogenesis. 

[0169] The size of the area andVor volume to which a 
non-excitatory electric field is applied may coincide with the 
molecule-affected area. Alternatively, it may be smaller, for 
example to apply a desired local effect or larger, for 
example, to counteract fringe effects. Alternatively, the 
electric field may be applied to a significant portion of the 
heart, for example to most of a ventricle, for example to 
enhance a stroke volume. Possibly, the molecule is used to 
interact with a defibrillation field. By selectively applying 
the electric fields and/or the molecules, spatial and/or tem- 
poral selectivity of the above effects may be achieved. 

[0170] In some embodiments of the invention, there may 
be no interaction between the molecule and the other electric 
fields applied by device 100. 

[0171] Calibration 

[0172] Device 100 may be programmed and/or have 
parameters selected to match a particular patient (described 
below). Alternatively or additionally, one or more of a set of 
programs may be selected to be applied by device 100. 

[0173] In an exemplary embodiment of the invention, 
prior to activating a treatment function of device 100, the 
patient state is evaluated, to determine a desirable treatment. 
In some embodiments of the invention, this evaluation is 
performed using device 100, in a purely sensory mode, or, 
optionally, with device 100 applying test treatments and 
determining their effects. Alternatively or additionally, vari- 
ous external stimuli may be provided, for example pharma- 
ceuticals and their effects and/or interactions with device 
100 monitored by device 100 and/or other apparatus. 

[0174] During evaluation, one or more of the following 
regional pathologies may be identified: Scar, Hibernation, 
Ischemic and/or HR dependent ischemia. The identification 
may use various imaging methods, for example ECHO for 
hypo/dis/a-kinesis of ventricular walls. Various method may 
be used to evaluate perfusion, for example Technetium 
based imaging. Position sensing based methods may be used 
to evaluate regional function, for example systems provided 
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by the Biosense Inc. corporation and/or ECG systems. These 
methods could be eed to design and focus the treatment to 
the regions of intocst. 

[0175] Device Ftagramming 

[0176] In an exmplary embodiment of the invention, 
device 100 is programmed or otherwise controlled to pro- 
vide a desired spatial and/or temporal regimen to the heart. 
Such a regimen cam define which part of the heart is treated 
with which molecule and/or electrical field for what duration 
and under what ciranmstances. Such programming may be 
done in advance of oilplant at too and/or therapy or it may be 
provided into device 100 just before or during therapy. In 
some embodiments of the invention, device 100 is used for 
experimental use, finr example to determine which electric 
fields and/or molecules and/or combinations thereof have 
desirable therapeutic effects. Such a determination may be 
applied during product design or even when planning a 
therapeutic plan for ai patient, as described herein. 

[0177] Programnmg input 136 (FIG. 2) may be used for 
providing input fans an external programmer. Device 100 
may be non-autonomous, in that all programming comes 
from outside. Alternatively, a semi-autonomous device may 
be provided, in vsfeich external programming is required 
only on occasion, possibly at the instigation of device 100. 

[0178] As can be appreciated, different transport fields 
and/or different mdbcules may be used for different heart 
rates, stroke volumes and/or as a function of other cardiac 
parameters. Dependfog on the desired effect of the molecule, 
the cardiac parameters taken into account may be local 
parameters, such as conduction velocity or global param- 
eters, such as heart rate. The cardiac parameters may be 
rapidly changing parameters, such as heart rate or they may 
be slowly changing parameters such as tissue performance, 
Perfusion and/or viability, or maximum diastolic extension 
over a period of tone. In some cases, the programming 
responds to non-cannac parameters, such as time of day or 
day of the week, for example to match the therapy to an 
expected or current activity level. 

[0179] Various device parameters may be programmable, 
including, for exampfe, pulse parameters such as temporal, 
spatial, amplitude, polarity, envelope and/or frequency of 
the applied transport!, transport related, excitatory (e.g., 
pacing) and/or nor>«xcitatory fields. Alternatively or addi- 
tionally, various an&cule provision parameters may be 
controllable, for example the molecule type, timing of 
provision, amount provided and duration. In some devices, 
a complete script (eg, a short program) may be selected or 
programmed. Alternatively or additionally, script parameters 
may be selected. A particular example of a script parameter 
is which sensor to use for monitoring and its associated 
threshold levels or other value-response function. 

[0180] The prognmming may be enhanced by providing 
feedback about the operation and effects of device 100. The 
information may be sensed and/or stored by device 100 for 
later readout by the programmer Alternatively, the informa- 
tion may be gleaned using other physical examination 
techniques, for example medical imaging. 

[0181] Exemplary fiypes of feedback include one or more 
of: feedback on molecule provision and penetration, various 
actually realized fick&y the effect of such fields for transport 
or on cardiac tissue md/or the effect of the provided mol- 



ecule, on the local tissue, the heart and/or the circulatory 
system as a whole. Alternatively or additionally, feedback on 
the quality and degree of synchronization between the heart, 
molecule provision and/or the various electrical fields, may 
be desirable. Exemplary sensors are described below. 

[0182] In an exemplary embodiment of the invention, 
feedback is provided with regard to the penetration of the 
molecules. By using local sensing electrodes, the arrival of 
the molecules at the desired tissue depth can be monitored 
by detecting the effect of the molecules. Alternatively or 
additionally, by transporting radioactive or other marker 
drugs, it is possible to image or otherwise view the tissue and 
determine which cells were affected. A marker drug may be 
the same as the one used for therapy or it may be a different 
one, specifically selected for ease of detection. Alternatively 
or additionally, the provision and/or effect of molecules may 
be detected by applying an electric field to the treated area 
and based on the response of the tissue estimate the molecule 
effect and/or arrival. 

[0183] In some cases, real-time feedback is desired, either 
to control device 100 in operation or to adjust programming 
parameters based on their effect. It should be noted that 
different types of feedback may be required for slow acting 
and for fast acting molecules. Some molecules may be 
double acting — having an effect that can be detected imme- 
diately, useful for verifying penetration and also having a 
long term effect. Fast acting molecules or drugs with a fast 
onset may require fast responding sensors. Slow acting 
drugs or drugs with a gradual onset may require sensors 
which average over several cardiac cycles and/or a processor 
associated with the sensor for processing the input there- 
from. 

[0184] One or more sensors (in some cases the field 
application electrodes can double as sensors) may be used to 
provide an indication of the heart's current status or its 
response to certain treatments. Exemplary sensors are 
described below. 

[0185] Sensors 

[0186] Various sensors may be used in conjunction with 
and/or as part of device 100. Such sensors may measure 
various cardiac parameters, including, for example, pC0 2 , 
PO pH, SO^ wall motion, local or global electrical activity, 
endocardial acceleration, regional impedance, regional 
APD, HR variability, LVP or aortic pressures (peak, max 
dP/dt), respiration rate, cardiac output and/or thoracic 
impedance (for estimating changes in stroke volume). Many 
such suitable sensors are known in the art. Alternatively or 
additionally, the sensors may measure systemic parameters, 
such as blood pressure. Alternatively or additionally, the 
sensors may measure local molecule concentrations and/or 
metabolic products. 

[0187] The sensors may be implanted in the body. Alter- 
natively, in some embodiments, the sensors may be outside 
the body, even if device 100 is inside the body. 

[0188] In some embodiments of the invention, the patient 
himself serves as a sensor, for example indicating to device 
100 or its external programmer, body feelings, such as pain, 
shortness of breath, dizziness and/or lack or abundance or 
energy. 
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[0189] Safety 

[0190] In some exemplary embodiments of the invention, 
device 100 may include om or more of the following safety 
features: 

[0191] (a) Toxicology watchdog. This type of watch- 
dog monitors one or more cardiac parameters and/or 
the response of the heart to various stimuli, to 
determine if the supplied molecules have an adverse 
effect on the heart Asa result, protective measures, 
such as fencing, may be applied, or the dosage or 
other parameters of Aug delivery may be modified. 

[0192] (b) Defibrillation circuit. Upon detection of 
defibrillation and/or VT, this circuit can apply a 
defibrillation current to the heart. Such a defibrillator 
may have charged capacitors continuously available 
in a standby mode. When not required for fibrilla- 
tion, some of the charge may be used for applying 
large non-excitatory Gelds, for example for molecule 
transport 

[0193] (c) Molecule flow monitor. This monitor 
checks that the supply rate of the molecule matches 
the programmed supply rate. Thus, blockages and/or 
leaks may be detected. The monitor may directly 
monitor the flow aooYor the molecule reservoir state. 
Alternatively, the monitor may determine the supply 
rate indirectly by analyzing cardiac and/or other 
patient physiological parameters. 

[0194] (d) Fences. Non-excitatory electric fields may 
be used to create fences in the heart which prevent 
the propagation of undesirable (expected or not) 
activation potentials. Such field may act, for 
example, by desensitizing cardiac tissue using a DC 
field or by extending a refractory period of the cells 
by applying an electric pulse during an end of the 
refractory period. 

[0195] (e) Beat captonar. Various pacing schemes may 
be applied to increase the capture of the heart rate by 
the pacing signal and to avoid certain types of 
arrhythmia. 

[0196] Exemplary Applications 

[0197] In one example, a heart is remodeled, by providing 
genetic material or other molecules which cause certain 
parts of the heart to atrophy er enlarge. In another example, 
the activation of the heart is modeled, for example by 
causing a cell type, such as am AV node cell, to increase its 
conduction velocity, for example by suitable over-expres- 
sion or under-expression of certain ion pumps or channels. 
Other cell parameters which may be changed using this 
method include sensitivity (to hormones electrical signals 
and/or other feedback loops in the heart), plateau duration, 
excitation window duration ami self-pacing rate (SA node). 

[0198] In another example, at least certain types of long 
QT syndrome patients are treated by causing the expression 
of suitable ion channels or pumps to those cells that require 
it. This expression can be caused by providing the gene that 
creates the channels or creates a protein that transports the 
channels to the cell membrane, as well as by blocking a gene 
which stops the production of the channel. 

[0199] In a post ischenric-event treatment application, 
drugs for maintaining the dilation of blood vessels or drugs 



for reducing oxygen requirements may be applied. In addi- 
tion, molecules damaged or destroyed by the ischemic event 
may be provided by electrical transport techniques. 

[0200] In an angiogenesis application, hormones and/or 
other angiogenesis factors are electrically transported to 
ischemic tissue and/or other tissue in the heart to cause 
increased blood vessel generation. In a particular applica- 
tion, repeated transport pulses, possibly from different elec- 
trodes are used to maintain a particular volume distribution 
of the provided molecule(s). In one example, these mol- 
ecules define a gradient along which blood vessels or other 
tissue grow, or various cells, such as lymphocytes, travel. In 
another example, this distribution defines an area into which 
new growth will not enter. 

[0201] In a related application, VEGF and/or other growth 
factors are locally provided, to prevent their adverse effects 
on other parts of the heart and/or body. 

[0202] In another exemplary application, a locally pro- 
vided molecule is Adriamycin or other chemotherapy anti- 
cancer molecules. 

[0203] In a slow ablation application, a drug which sus- 
pend activity of a heart cell is applied to points of a mesh 
electrode. After detecting the effects of suspension on the 
electrical activity of the heart, an electrode having a desired 
effect is used to provide a killing dose of the same drug Or 
of a different drug. Alternatively, selective ablation is pos- 
sible even without first determining the effect of a "suspend- 
ing" drug. 

[0204] FIG. 6 illustrates a vascular treatment device 800, 
in accordance with an exemplary embodiment of the inven- 
tion. In a coronary vessel application, iontophoresis and 
electroporation become possible in blood vessels which are 
near the heart. Example treatments include anti-clotting 
drugs, drugs to prevent re-stenosis, drugs to prevent stenosis 
and gene therapy to convert the blood vessel cells to those 
having a desired function, such as excretion of a desired 
anti-clotting factor. Such an the electric field may be applied 
using a dedicated suitable stent or to augment the behavior 
of a stent which needs to be implanted. Exemplary device 
800 is stent-like, having a cylindrical body 802. A plurality 
of electrodes 804 and 806 are provided, which are electrified 
by a power supply 810. In one embodiment of the invention, 
the power supply is a battery. Alternatively or additionally, 
the power supply comprises an antenna 812 for receiving RF 
radiation and a converter for converting the received radia- 
tion in suitable voltages. Alternatively or additionally, power 
supply 810 include control logic and/or one or more sensors, 
for example for sensing a cardiac activity, for example for 
synchronization purposes or a sensor for sensing the blood 
vessel state. Optionally, electrodes 804 and 806 can serve as 
antenna 812. Alternatively, a wired external power source is 
provided and connected to device 800. In some embodi- 
ments, device 800 is used with blood vessels not adjacent to 
the heart. In some embodiments of the invention, antenna 
812 also serves to apply a voltage across the vessel in which 
device 800 is situated. Optionally, device 800 is expandable, 
for example, plastically, elastically, super elastically or using 
shape memory, so that it can be used with a range of different 
vessel diameters. The electrode portions may be stretchable, 
or they may be non-expandable. Alternatively, device 800 
may be designed for single vessel diameter. 

[0205] An exemplary configuration for transmitting power 
by RF radiation, to a stent-like device, which may store the 
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energy in a capacitor, is shown in PCT publication WO 
99/55360 to Medtronic, et aL, me disclosure of which is 
incorporated herein by reference. The actual levels of power 
and/or voltage required in device 800 may be higher, pos- 
sibly requiring a straightforward design modification and/or 
a voltage converter in device SOIL RF radiation may also be 
used to send commands to device 800. 

[0206] la an exemplary embodiment of the invention, a 
molecule reservoir 808 is provided between two adjacent 
electrodes, for example on an oafeade surface of body 802. 
When a voltage potential is fomcd between electrode 804 
and electrode 806, the molecule is transported from reservoir 
808. The molecule may then diffiee into a surrounding wall 
of a blood vessel. Alternatively or additionally, the voltage 
field between the electrodes has a sufficient component to 
transport the molecule perpendicular to device 800. Alter- 
natively or additionally, the voltage, field opens pores in the 
vessel wall to enhance the diffusion of the molecule. 

[0207] In an alternative embodiment, device 800 com- 
prises two or more layers, with one polarity electrode in one 
layer and a second polarity electrode in the other layer. 

[0208] In another alternative embodiment, device 800 is 
mounted outside the blood vessel In such a case, a cylin- 
drical body shaped like body 802 in the figure may not be 
required, so wireless patch-shaped electrodes may be pro- 
vided instead. 

[0209] In another exemplary embodiment, a work increas- 
ing excitatory (e.g., over pacing) or non-excitatory (e.g., 
contractility enhancing) pulse is applied to provide oxygen 
stress, while, at a same time, angpogenesis enhancing mol- 
ecules are provided, locally or systemically. 

[0210] In another exemplary embodiment, the salvage of 
ischemia-damaged tissue is enhanced by both reducing its 
oxygen requirements using a desensitizing electric field (or 
fences) and by locally providing work-reducing molecules, 
such as calcium blockers. In some embodiments, the cal- 
cium blockers are systemically provided in a form that has 
difficulty crossing blood vessel walls. By application of a 
local field, the calcium blockers affect substantially only the 
treated area. In some cases, the molecule and the electric 
field are applied simultaneously. En other cases, they are 
alternated, for example to allow the tissue to recuperate from 
adverse effects of one or the other. Once the tissue has 
sufficiently recuperated, it may be trained back to shape 
and/or have angiogenesis enhanring methods applied to it 

[0211] In another exemplary embodiment, hypertrophy of 
a part of the heart is treated by applying a suitable electrical 
control sequence to reduce the cardiac activity of the part 
and applying a molecule to reduce the hypertrophy. 

[0212] Circulating Reservoir 

[0213] In an exemplary embodiment of the invention, the 
device is used to release a molecule from a circulating 
reservoir. In an exemplary embodiment of the invention, the 
device is stent-like, for example as shown in FIG. 6. 
Alternatively, the device may comprise electrodes inside or 
outside the blood vessel. 

[0214] In an exemplary embodiment of the invention, the 
reservoir comprises a plurality of liposomes that encapsulate 
a molecule. 



[0215] U.S. Pat. No. 6,041,252 to Walker et al., the 
disclosure of wbicb is incorporated herein by reference, 
describes liposome compositions and field strengths that 
will cause the liposomes to release their contents and/or 
migrate towards the walls of a blood vessel. Also described 
is a non-toxic material for sealing temporary pores formed 
in body cells as a result of the applied field. Also described 
are various therapeutic materials. Alternatively or addition- 
ally, non-electrical means may be used to free the molecule 
from the liposome, for example, chemical means secreted by 
the device into the blood flow, for example Nystatin that 
forms pores in liposomes, special molecules for liposomes 
designed to be opened by chemical means and/or other 
means, such as heating means, or optical means, for suitably 
sensitive liposomes. 

[0216] Referring back to FIG. 6, device 800 may include 
electrodes for applying a field across the blood vessel, to 
release molecules from a circulating reservoir, alternatively 
or additionally, to applying an iontophoresis field, an elec- 
trophoresis field and/or a field for releasing a molecule from 
reservoirs 808. The electrification of the electrodes and/or 
their layout may be different for the different effects, for 
example for liposome release or migration, different polarity 
electrode elements may be provided on opposite sides of 
device 800, so that the field is applied across the blood 
vessel. For extraction from reservoir 808, a voltage between 
two nearby electrodes may be applied. In an exemplary 
embodiment of the invention, electrodes 804 and/or 806 
comprise multiple parts, which can be selectively electrified 
to achieve various field directions and/or strengths under the 
control of controller 810. In some embodiments of the 
invention, the field and/or one or more of its effects can be 
substantially limited, to the blood vessel. 

[0217] A sensor in device 800 may be used to synchronize 
the application of the release and/or transport fields to local 
and/or global activity of the excitable tissue. Alternatively, 
other effects can be achieved by the fields, as described 
above. The transport field, the release field and the control 
field may be the same or different fields and/or two effects 
may be combined in a single field. 

[0218] In an exemplary embodiment of the invention, 
device 800 is used to release molecules in the vascular bed 
of an organ to be treated, for example in a coronary artery 
of the heart or a renal artery. Alternatively or additionally, 
the molecules are released into a vessel that passes near the 
tissue to be treated. Alternatively or additionally, the mol- 
ecules are released in the vessel, to be transported, (e.g., 
electrically) through the vessel walls into nearby tissue. 

[0219] Reservoir 808, or multiple reservoirs, may include 
a same molecule or different as in the circulating reservoir. 
Alternatively or additionally, multiple reservoirs with dif- 
ferent materials may be provided. Optionally, non-electrical 
release from reservoir 808 is used, for example using a 
biodegradable matrix or any other means known in the art 
for slow and/or controlled release. At least one or the 
reservoirs in device 800 may be pointed inwards, to release 
its contents into the blood stream. Alternatively or addition- 
ally, it may be pointed outwards, to release its contents into 
the vessel wall. Alternatively or additionally, the release 
direction may be controlled by the particular transport 
electric field applied. In a non-stent device, the reservoir 
may be provided and/or activated separately from the elec- 
trodes. 
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[0220] la an exemplary embodiment of tbe invention, the 
locally released molecuk may interact with a systemically 
available molecule. In one example, the locally available 
molecule is an antagonifl for the systemic molecule, so that 
the systemic molecule has a different or no effect locally 
(e.g., Heparin and its antagonist Protamine). Alternatively or 
additionally, the systemic molecule prevents the local mol- 
ecule from having an effect away from where it is released, 
for example, due to the Ibwer concentration of the local 
molecule. Alternatively, an enhancement effect may be 
provided, with the local molecule enhancing or activating 
the systemic molecule, or vice versa. The systemic molecule 
may be provided as a cucafating reservoir or by injection or 
other means. Thus, in sane embodiments of the invention, 
the systemic molecule is released locally, together with 
another locally released molecule from device 800. 

[0221] In another exanpte, device 800 is used to geneti- 
cally modify (e.g., by ebtmg viruses or direct electrophore- 
sis of DNA) the vascular tissues. These modified tissues may 
ehite a chemical that interacts with the systemic drugs (or 
otherwise provided molecule). Alternatively or additionally, 
the modified cells may indhde fewer or a greater number of 
receptors (or other reason for sensitivity) for the systemic 
drug. Alternatively or additionally, the modified cells may 
exhibit a higher or lower uptake or transport rate for the 
drug. 

[0222] In an exemplary embodiment of the invention, two 
sensors are provided, one at the entrance to the targeted 
tissue and one at a different! location, for example elsewhere 
in the vascular system m at the vascular exit from the 
targeted tissue. The second sensor, which may also be 
mounted on a stent, possirity a molecule releasing stent, may 
measure the amount of tfat released molecule in the blood 
stream. The measurement may be direct, or a easily detect- 
able tag may be released with the molecule. 

[0223] Such measurement may be applied during testing 
of dosage or during calibration or regular use of device 800. 
For example, the second device may indicate to the user that 
the level of circulating molecule is too high (or too low). 
Alternatively or additionally, the second device may auto- 
matically ehite an antagonist to tbe molecule secreted by the 
first device. Optionally, such automatic secretion is per- 
formed without a sensor, flbc example, based on calibration 
of the device or by external! activation. 

[0224] Non-Cardiac ApgEcatioos 

[0225] The above application has focused on cardiac 
applications. It should be noted that similar devices may be 
used for non-cardiac applications, in whole organs or in 
portions of excitable or nun-excitable tissues. It should be 
noted that tbe heart typically has two properties not found in 
other excitable tissue: synchronous operation and significant 
and immediate health risk due to adverse effects. The brain 
for example, as a whole, dfoes not exhibit unitary synchro- 
nized behavior as does the heart. The stomach on tbe other 
hand, while it is synchronous, does not pose immediate 
life -threatening danger as a result of adverse effects. How- 
ever, many non-cardiac tissue may cause discomfort (sort or 
long term) and/or pain, if incorrectly activated. Thus, in 
some cases, an excitatory transport or release pulse may be 
used. Alternatively or additionally, the electric fields applied 
are synchronized to the activation in the excitable tissue. 



Alternatively or additionally, a propagation stopping field 
(fencing) may be used to prevent propagation of the effects 
of the transport pulse. 

[0226] It should be noted that some excitable tissues may 
be relaxed by application of a suitable non-excitatory or 
excitatory pulse, thus possibly assisting transport. Alterna- 
tively or additionally, the pulse may target excitable com- 
ponents of the tissue, for example blood vessels. Alterna- 
tively or additionally, the electric field may be applied to 
stiffen excitable tissue, thus preventing molecule uptake. 

[0227] In some embodiments of the invention, the appli- 
cation of electrical field and/or molecules ignores the exci- 
tatory (or excitation disruption) effect of the electric field, 
but uses other features described herein, for example mul- 
tiple vectored molecule distribution using electrode arrays, 
reduction of blood flow or implantable wireless electrodes 
having associated therewith molecule reservoirs. Alterna- 
tively, non-pain causing effects, such as muscle contractions, 
or even pain causing effects, such as muscle spasms may be 
ignored or taken into account when applying the fields. It is 
noted that also some cardiac applications can allow the 
transport field to be excitatory. 

[0228] One exemplary application is treatment of irritable 
bowel syndrome using locally transported anti-inflammatory 
drugs, such as steroids. The drugs and/or a transport-related 
signal possibly timed to the normal bowel electrical activity 
so as not to interfere with it. Alternatively or additionally, the 
electrical signal also controls the bowels. For bowel and 
other hollow organ applications, a device similar to that of 
FIG. 6 may be used. In an exemplary embodiment of the 
invention, the drugs are released in the upper or lower 
mesenteric arteries, to better target them to the bowels. 
Alternatively or additionally, a systemic inhibitor is pro- 
vided, to reduce the effect of the drugs on tissues outside of 
the bowels. 

[0229] In a pulmonary application, COPD and asthma are 
treated, for example, using adrenergic agonists, phosphodi- 
esterase inhibitors, steroids and/or cholinergic antagonists. 
The electric fields may be selectively applied to prevent 
inadvertently affecting the heart. 

[0230] In a urinary example, muscle relaxants to bladder 
are locally provided, for example at night, to treat overflow 
incontinence caused by an over excited bladder. A suitable 
implantable device may be, for example, a stent implanted 
inside the urethra. Local provision may prevent possibly 
systemic and/or organ specific side effects of smooth muscle 
relaxants, for example, hypotension, digestive problems 
and/or cardiac effects. 

[0231] In a joint application, gold or other lubricants are 
transported into a joint, for example with tbe electric field 
synchronized to prevent inadvertent electrical activation of 
muscles. 

[0232] Id a non-cardiac angiogenesis application, the 
growth of new vessels in an organ is provided by targeting 
VEGF (or other growth factors) to that organ or part thereof, 
for example, to combat or prevent diabetes-related gangrene. 

[0233] Id a uterine application, uterine contractions are 
suppressed during labor, or during an early labor, using 
targeted tocolytic drugs and/or suitable electrical pulses. 
Alternatively, contractions are enhanced and/or controlled 
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wbile and/or shortly after providing a drug. Optionally, the 
uterus is relaxed when the drug is provided, to assist io tissue 
penetration. Alternatively or additionally, the uterus may be 
contacted after the provision, to enhance delivery. 

[0234] In a skeleton muscle exaupfe, muscle relaxants 
may be supplied, locally to a muscfe limb and/or a part 
thereof. 

[0235] Targeted Protection 

[0236] In an exemplary embodiment of the invention, 
protection of an organ from a system effect is supplied by 
providing, at a vascular entrance to organ, a device that 
releases antagonist molecules. The rekase may be synchro- 
nized to the availability of systemic molecules, for example, 
both being controlled by a same controller. Any type of 
release mechanism may be used, inrihding electrical and 
non-electrical mechanisms. In a particular example, the 
kidney is protected from cyclosporins, an anti-rejection 
drug, which may provided for pre venting rejection of an 
implanted heart. 

[0237] Alternatively or additionally the body systems 
may be protected from a molecule targeted to a particular 
tissue, for example, by releasing He antagonist at the 
vascular exit from the tissue. For example, an antagonist for 
a cardiac stimulator, at the exit from the coronary vessels. In 
a particular example, Fab therapy fordSgoxin or digi toxin is 
provided at the vascular exit from the heart (e.g., coronary 
sinus, or aorta) and/or at the entrance to specific sensitive 
tissues, such as the brain. The following four references, the 
disclosures of which are incorporated herein by reference, 
describe the use of Fab therapy, usingmBn -targeted methods. 
It is expected that the amount of antagonist used will be 
lower for the targeted protection method and/or that the 
release protocol will be gradual, raJfasr than one time as 
described. The references are: Toxicol Lett 1996 
May#5(2): 107-11, J Pharm Pharmacol 1994 Octo- 
ber;46(10):854-6, Circulation 1990 Jbme;81(6):1744-5 and 
Ann Emerg Med. 1988 July;17(7):732-5. 

[0238] Alternatively or additionally to chemical antago- 
nists, antibodies may be used for tagging and/or activity 
prevention. Tagging may be used for collecting information 
about dosages and its effects and/or far stimulating removal 
by the pagocytic system. 

[0239] In another example, a suitable antagonist is used to 
counteract toxic effects of a molecule used to release a drug 
from a liposome. 

[0240] In another exemplary embodknuit of the invention, 
a systemic, less active molecule is provided, with an acti- 
vator being released at a vascular entrance to an organ and/a 
deactivator being released at the vascular exit from the 
organ. 

[0241] Multi-Treatment Kit 

[0242] In an exemplary embodiment of the invention, the 
device (e.g., device 800 or device 100) is provided as a kit 
that may be used with a variety of molecules, organs, 
treatment protocols and/or systemic provision protocols. 
The kit may include, for example, a rfent and an external 
controller, for providing programming of the stent and/or 
real-time control of the stent. Optionally such a kit includes 
multiple stents, for example for providing an activator/ 
deactivator pair of molecules. 



[0243] The programming may be manifest, for example in 
one or more of, different models of the electrical activity of 
the tissue (e.g., different translations of sensor reading to 
tissue state), different power levels, different voltages, dif- 
ferent pulse trains and/or different molecule release proto- 
cols (e.g., times, delays, amounts). Alternatively or addi- 
tionally, different sensors and/or different controllers are 
used for different tissues, molecules and/or other treatment 
parameters, for example, for measuring different physical 
properties of the tissue. 

[0244] In some embodiments, a multi-catheter system is 
used to provide multiple types of molecules and/or multiple 
electrode locations. 

[0245] It will be appreciated that the above-described 
methods of transporting molecules in the various tissues 
may be varied in many ways. In addition, a multiplicity of 
various features, both of methods and of devices has been 
described. Where methods are described, devices for carry- 
ing out the methods are also contemplated. It should be 
appreciated that different features may be combined in 
different ways. In particular, not all the features shown 
above in a particular embodiment are necessary in every 
similar exemplary embodiment of the invention. Further, 
combinations of the above features are also considered to be 
within the scope of some exemplary embodiments of the 
invention. Also within the scope of the invention are devices 
and/or software for programming existing devices to make 
the device comply with the methods described herein. Sec- 
tion headings where they appear are meant for clarity of 
browsing only and should not be construed as limiting the 
contents of a section to that particular section. When used in 
the following claims, the terms "comprises", "includes", 
"have" and their conjugates mean "including but not limited 
to". 

[0246] It will be appreciated by a person skilled in the art 
that the present invention is not limited by what has thus far 
been described. Rather, the scope of the present invention is 
limited only by the following claims 

1. Apparatus for targeted release of a molecule carried in 
a circulating reservoir, comprising: 

at least one electrode; and 

a controller adapted to electrify said electrode with at least 
one electric field, said electric field operative to have at 
least one desired effect related to said circulating res- 
ervoir with said molecule, 

wherein said electrode and said electrification are adapted 
such that at least one of said effects is selectively 
applied to a particular blood vessel that carries blood 
through tissue and wherein said at least one effect that 
is selectively applied comprises a release effect, which 
releases said molecule from said circulating reservoir 
that circulates in said blood vessel: 

2. Apparatus according to claim 1, where said at least one 
electrode comprises at least two electrodes 

3. Apparatus according to claim 1, where said at least one 
electrode comprises at least one multi-element electrode, the 
electrification of which elements is separately controllable 
by said controller. 

4. Apparatus according to any of claims 1-3, wherein said 
circulating reservoir comprises liposomes that encapsulate 
said molecule. 
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5. Apparatus accoxfcg to any of claims 1-4, wherein said 
at least one electrode is adapted to be mounted on an outside 
of a blood vessel 

6. Apparatus acconfhg to any of claims 1-4, wherein said 
at least one electrode » adapted to be mounted on an inside 
of a blood vessel. 

7. Apparatus according to any of claims 1-4, comprising 
a stent-body adapted to- be lodged in said blood vessel and 
on which said electrode is mounted. 

8. Apparatus accoadmg to claim 7, wherein said at least 
one electrode compress a ring electrode. 

9. Apparatus acconShg to claim 7, wherein said at least 
one electrode comprises- a plurality of axially spaced apart 
arc-portion electrodes. 

10. Apparatus accccding to any of claims 7-9, wherein 
said device is designed for a particular blood vessel diam- 
eter. 

11. Apparatus accenting to any of claims 7-9, wherein 
said device is expandable to match a range of different 
diameters. 

12. Apparatus accosting to any of claims 1-11, compris- 
ing at least one functional sensor operative to sense an 
activation state of said tissue. 

13. Apparatus accanfing to claim 12, wherein said func- 
tional sensor senses a local activation state of said tissue. 

14. Apparatus accanfing to claim 12 or claim 13, wherein 
said functional sensor senses a global activation state of said 
tissue. 

15. Apparatus accanfing to any of claims 12-14, wherein 
said sensor comprises an electrical activity sensor. 

16. Apparatus accanfing to any of claims 12-15, wherein 
said sensor comprises a mechanical activity sensor. 

17. Apparatus accanfing to any of claims 12-16, wherein 
said controller synchronizes said electrification to said 
sensed activation stated 

18. Apparatus accanfing to any of claims 1-17, wherein 
said controller electrifiassaid electrode such that said at least 
one electrical field has ai transport effect of transporting said 
molecule from said Wood vessel outside of said blood 
vessel. 

19. Apparatus accanfing to any of claims 1-18, wherein 
said controller electrifiessaid electrode such that said at least 
one electrical field has a transport effect of transporting said 
molecule into cells at or near said blood vessel. 

20. Apparatus accanfing to any of claims 1-19, wherein 
said controller electrifies said electrode such that said at least 
one electrical field has a controlling effect on said tissue. 

21. Apparatus accanfing to claim 20, wherein said con- 
troller electrifies said electrode such that said controlling 
effect interacts with said molecule to have a desired thera- 
peutic effect caused by said controlling effect and said 
molecule. 

22. Apparatus according to claim 20 or claim 21, wherein 
said controller electrifies said electrode such that said con- 
trolling effect interacts with said molecule to have a desired 
molecule delivery eflctii 

23. Apparatus acconfing to any of claims 20-22, wherein' 
said controller electrifies said electrode such that said con-' 
trolling effect counteracts a negative effect of at least one of 
said drug and said at least one electric field. 

24. Apparatus acconfing to any of claims 20-22, wherein 
said controller electrifies said electrode such that said con-; 
trolling effect prevents a negative effect of at least one of 
said drug and said at least one electric field. 



25. Apparatus according to any of claims 18-24, wherein 
said controller electrifies said electrode such that said at least 
one electric field is an excitatory field for said tissue. 

26. Apparatus according to any of claims 18-24, wherein 
said controller electrifies said electrode such that said at least 
one electric field is a non-excitatory field for said tissue. 

27. Apparatus according to any of claims 18-26, wherein 
said controller electrifies said electrode such that said at least 
two of said effects are provided using separate electric fields. 

28. Apparatus according to claim 27, wherein said con- 
troller electrifies said electrode such that at least two said 
effects are provided using different field directions. 

29. Apparatus according to any of claims 18-26, wherein 
said controller electrifies said electrode such that at least two 
of said effects are achieved by a single electric field. 

30. Apparatus according to any of claims 1-29, compris- 
ing at least one reservoir containing a second molecule. 

31. Apparatus according to claim 30, wherein said reser- 
voir is adapted to release said second molecule towards a 
wall of said blood vessel. 

32. Apparatus according to claim 30, wherein said reser- 
voir is adapted to release said second molecule towards a 
lumen of said blood vessel. 

33. Apparatus according to any of claims 30-32, wherein 
said controller electrifies said at least one electrode to 
transport said second molecule out of said reservoir. 

34. Apparatus according to any of claims 30-33, wherein 
said device releases said second molecule at a dosage 
suitable to inhibit an activity of said molecule. 

35. Apparatus according to any of claims 30-33, wherein 
said apparatus releases said second molecule at a dosage 
suitable to enhance an activity of said molecule. 

36. Apparatus according to any of claims 30-33, wherein 
said apparatus releases said second molecule at a dosage 
suitable to have its activity enhanced by said molecule. 

37. Apparatus according to any of claims 30-33, wherein 
said apparatus releases said second molecule at a dosage 
suitable to have its activity inhibited by said molecule. 

38. Apparatus according to any of claims 30-33, wherein 
said apparatus releases said second molecule at a dosage 
suitable to assist in releasing said molecule from said 
circulating reservoir. 

39. Apparatus according to any of claims 1-38, wherein 
said device is adapted to be implanted at a vascular entrance 
to said tissue. 

40. Apparatus according to any of claims 1-38, wherein 
said device is adapted to be implanted at a vascular exit from 
said tissue. 

41. Apparatus according to any of claims 1-40, wherein 
said controller is programmed to operate with tissue that is 
not electrically excitable. 

42. Apparatus according to any of claims 1-40, wherein 
said controller is programmed to operate with tissue that is 
electrically excitable. 

43. Apparatus according to claim 42, wherein said tissue 
comprises cardiac tissue. 

44. Apparatus according to claim 42, wherein said tissue 
comprises non-cardiac tissue. 

45. Apparatus according to claim 44, wherein said tissue 
comprises smooth muscle tissue. 

46. Apparatus according to claim 45, wherein said tissue 
comprises a bladder. 

47. Apparatus according to claim 45, wherein said tissue 
comprises a uterus. 
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48. Apparatus according toc&im 45, wherein said tissue 
comprises a digestive tract 

49. Apparatus according todaim 44, wherein said tissue 
comprises striated muscle tissBC 

50. Apparatus according to my of claims 149, comprising 
a separate portion including: 

a second portion electrode; and 

an associated reservoir contmng an associated molecule, 

wherein said apparatus is sfepted to release said associ- 
ated molecule to inhibit an activity of said molecule. 

51. Apparatus according to any of claims 1-50, wherein 
said controller is implantable. 

52. Apparatus according to any of claims 1-50, wherein 
said controller is adapted to main outside the body. 

53. Apparatus according to dhim 51 or claim 52, wherein 
said controller communicates with said electrode by wired 
means. 

54. Apparatus according to tfaim 51 or claim 52, wherein 
said controller communicates wfifa said electrode by wireless 
means. 

55. Apparatus according to any of claims 1-54, compris- 
ing a power source for providiig energy for electrifying said 
electrode. 

56. Apparatus according to dhim 55, wherein said power 
source is adapted to be inside a body. 

57. Apparatus according to dhim 55, wherein said power 
source is adapted to be outsifc a body. 

58. Apparatus according to my of claims 55-57, wherein 
said power source provides satil energy by wired means. 

59. Apparatus according to any- of claims 55-57, wherein 
said power source provides samB energy by wireless means. 

60. Apparatus according to any of claims 1-59, compris- 
ing a sensor for measuring a pftysiological parameter. 

61. Apparatus according to doim 60, wherein said sensor 
measures a concentration of amfi molecule. 

62. Apparatus according to dhim 60 or claim 61, wherein 
said controller uses said meaarament for determining said 
electrification. 



63. Apparatus according to any of claims 1-62, wherein 
said controller is programmable. 

64. Apparatus according to claim 63, wherein said con- 
troller is programmable to match different types of circulat- 
ing reservoirs. 

65. Apparatus according to claim 63 or claim 64, wherein 
said controller is programmable to match different types of 
molecules. 

66. Apparatus according to any of claims 63-65, wherein 
said controller is programmable to provide different treat- 
ment protocols. 

67. Apparatus according to any of claims 63-66, wherein 
said controller is programmable to be used with different 
tissue types. 

68. Apparatus according to any of claims 63-66, wherein 
said controller is programmable to be used with different 
tissue sizes. 

69. A kit including: 

apparatus according to any of claims 1-68; and 

instructions for use. 

70. A kit including: 

apparatus according to any of claims 1-68; and 

a quantity of said circulating reservoir. 

71. A kit including: 

apparatus according to any of claims 1-68; and 

a quantity of said molecule. 

72. A method of targeted release, comprising: 

providing a circulating reservoir in a blood stream, said 
reservoir including a molecule; and 

applying an electric field to a blood vessel containing said 
circulating reservoir, said field being sufficient to cause 
release of said molecule from said reservoir. 

* * * * * 
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Detailed Description Text - DETX (4) : 

One preferred embodiment is illustrated in FIG. 1. It 
includes a plurality 

of devices (101) and sensors (102) that are implanted in 
the human body (103) . 

Referring to FIG. 1, this implementation may include one or 
more of the 

following steps: i) a device that would reside inside the 
body (103) and alert 

the patient (106) or the medical attendant of an impending 
or ongoing ischemic 

event and undertake therapeutic action, ii) one or more 
implanted sensors (102) 

positioned in selected areas of the heart (104) , such as a 
ventricular cavity 

(105) , and connected to the aforementioned device, iii) 
detecting an ischemic 

event, iv) alerting the patient of the event as depicted in 

(106) , v) 

communication, as depicted in (107) with a device external 
to the body (108) or 

a medical attendant, vi) administration of medical therapy 
via an intracavitary 

pacing electrode (109) , infusion of drug through the body 
of the lead (102) or 

shocking the heart between leads (102 and 110) . 
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